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EXECUTIVE SUMMARY

The report submitted herein presents the resultdviés Engineering Corporation’s (AEC) geotechhica
investigation for the proposed Harvey Wilson Drisconstruction (Key Map 494 L, M, Q, and R) in
Houston, Texas. A vicinity map is presented onéPkatl in Appendix A.The total length of the project
alignments is approximately 6,500 linear feet, Whitcludes Harvey Wilson Drive from Lockwood Drite
Clinton Drive; Plastics Avenue from Harvey Wilsomii2 to Armour Drive; Kress Street from the raildoa
crossing between Clinton Drive and Harvey WilsotivBito Armour Drive; and Gazin Street from Clinton
Drive to Armour Drive. Based on our investigatidhe existing pavements along the project alignments
consists of portland cement concrete (PCC) pavesneame of which are overlaid with asphaltic ceter
(AC).

Details on the proposed sizes and invert depthtefunderground utilities are not available at tinse.
However, AEC was informed that the invert depthshef utilities are expected to be between 10 tbe2b
below existing ground surface, and they will be staucted using open cut method and/or auger methods

along the project alignments.

The objectives of our investigation are to condfietd investigation and laboratory testing to defin
subsurface conditions along the project alignmeautsl to provide geotechnical recommendations fer th
pavement reconstruction and the associate undergratilities installation. Environmental Site Asse®gnt

(ESA) is not within the scope of this report.

1. The subsurface conditions were investigated byirtyill4 soil borings to depths of 25 to 30 feet
below existing pavements; Borings B-2 and B-10 wemaverted into piezometers PZ-1 and PZ-2,
respectively. Based on the soil borings, the sdiasamatural soils consists predominantly of fiom t
hard, interbedding Fat Clays (CH) and Lean/SandgnL€lays (CL). A layer of very soft Sandy
Lean Clay (CL) with a SPT blow count of 2 blowsfeeas found between depths of 13 and 19 feet
in Boring B-13. A stratum of firm Silty Clay w/Sar{@L-ML) exists below a depth of about 6 feet
in Boring B-7. Approximately 2 to 9 feet of mediutiense Clayey Sand (SC) was encountered in
Borings B-1, B-2 and B-8 at depth varies from 21 feet deep below existing ground surface.
Approximately 3 to 12 feet of Silty Sand (SM) wasceuntered in Borings B-6, B-7, and B-10
through B-14 at depth varies from 5 to 18 feet Wwedxisting ground surface. The silty sand stratum
found from a depth of about 4 to 13 feet was vesé to loose. Fill soils were encountered in

Borings B-2, B-4, B-5, B-7, and B-9 through B-13dwe existing pavement to depths ranging from

iv
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about 2 to 18 feet deep. The fill materials aretipydsm to hard Fat/Sandy Fat Clay (CH) and Lean
Clay with Sand/Sandy Lean Clay (CL) and stiff Sas&ilyy Clay (CL-ML) soils. However, in
Boring B-5, a thick layer of very soft to firm, ShnLean Clay (CL) fill was found between depths
of about 4 and 18 feet. Ferrous and calcareousle®dnd slickensides were encountered in the clay
soils. Granular soils (gravel, sand, silt), clajilsswith low plasticity, sand and silt seams/lenses
clayey soils as well as slickensides in fat clays/rhecome unstable during excavation, especially
when saturated. Such soils have a tendency tolslougave in when not laterally confined, such as

in unsupported excavations. The Contractor shoelavizare of the potential for cave-in of the soils.

2. Based on our borings, groundwater was encouhtaredepths ranging from 8 to 21 feet below
existing grade during drilling and water level veabsequently rose to depth ranging from 6 to 15.3
feet 15 minutes after the initial encounter. Thidicates the ground water is pressurized. Watet lev
was measured at depths of about 9.7 and 9.6 fdeierometer PZ-1 on August 28, 2009 and on
September 28, 2009, respectively. In PiezometeP Réter level was measured at depths of about
5.1 and 5 feet on August 28, 2009 and on Septe@®e2009, respectively. Detailed groundwater
information is summarized in Section 4.4 of thipad. The groundwater depth will fluctuate
depending on seasonal rainfall and other climatientss. AEC recommends that the Contractor
verify groundwater depths and flow rates beforetisigjn work to determine the presence of
groundwater and potential pressurized aquifer aegfsge conditions, and the feasible groundwater

control technique, if needed.

3. As part of our Phase | fault investigation, waleated fault locations based on a review of add
literature, public maps, and documented activetsambap of the project area. A review of published
Principal Surface Faults of the Houston Central rvfatlitan Area (after O’Neill and Van Siclen,
with addition by C. Norman, 2004) indicates that groject alignment is located approximately one
mile away to a small and unnamed SSW-NNE trendaugt fof Clinton Fault System. During our
brief site reconnaissance, we did not encounteioolBvphysical evidence that would indicate
possible fault movements within the project areaydwver, this does not rule out possibility of fugtur

movements of documented or yet to be identifiedtf@uthat may affect the project alignment.

4. No obvious evidence of hazardous materials wasountered in the recovered soil samples.
However, the presence of potential hazardous naheong other portions of the project alignments
cannot be discounted based upon the limited quaumatitd number of samples taken in our

investigation.
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5. Geotechnical recommendations for the design atstruction of the proposed PCC pavement,
utilities installation by open-cut method and aimgmethod, manholes construction, groundwater

control and others associated constructions, @asepted in Sections 5.

6. This Executive Summary provides a summary ofitivestigation and should not be used without

the full text of this report.

Vi
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GEOTECHNICAL INVESTIGATION

HARVEY WILSON DRIVE RECONSTRUCTION
WBS NO. N-000733-0002-3
HOUSTON, TEXAS

1.0 INTRODUCTION

1.1 General

The report submitted herein presents the resultdviés Engineering Corporation’s (AEC) geotechhica
investigation for the proposed Harvey Wilson Drisgconstruction (Key Map 494 L, M, Q, and R) in
Houston, Texas. A vicinity map is presented onePfatl in Appendix AThe purpose of our investigation is
to evaluate general subsurface soil and groundrwatelitions, and provide geotechnical recommendati

for the design and reconstruction of roadway aisé@ated underground utilities.

The total length of the project alignments is agprately 6,500 linear feet (see Plate A-2), whicbludes

Harvey Wilson Drive from Lockwood Drive to Clintdrive; Plastics Avenue from Harvey Wilson Drive to
Armour Drive; Kress Street from the railroad cragsbetween Clinton Drive and Harvey Wilson Drive to
Armour Drive; and Gazin Street from Clinton Drive Armour Drive. Based on our investigation, the
existing pavements of project alignment are Podti@ement Concrete (PCC) or Asphalt (AC) overlairCPC

pavements.

Details on the sizes and invert depths of the grdend utilities are not available at this time.wéwer,
AEC was informed that the invert depths are expkttebe between 10 to 15 feet below existing ground
surface and the utilities will be constructed usimgen cut method and/or auger methods. The obgesctif
our investigation are to investigation the subsigfaonditions along the project alignment, andrtuvide
geotechnical recommendations for the pavement steartion and the associate underground utilities

installation.

1.2 Authorization

This work was authorized via an e-mail on August2®9, by Mr. Richard G. Castaneda, P.E., Presufen
Omega Engineering, Inc., and upon acceptance of Rieposal No. G2009-03-12R2, dated July 31, 2009.
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1.3 Scope of Work

The scope of work for this investigation includestfprming field exploration, laboratory soil tegtinand
engineering analyses to develop recommendationshérconstruction of new pavements and associated
underground utilities. Note that Environmental Skesessment (ESA) is not within the scope of this

geotechnical report.

2.0 SUBSURFACE EXPLORATION

2.1 Soil Borings

The subsurface exploration consisted of drillingl aampling a total of 14 borings along the project
alignment, to depths ranging from 25 to 30 feefpdeglow existing grade. Borings B-5, B-8 and B-1&ev
drilled on Plastics Avenue, Kress Street and G8niaet, between Harvey Wilson Drive and Armour Byiv
respectively. The other borings were drilled aldtarvey Wilson Drive between Lockwood Drive and
Clinton Drive. The approximate boring locations alf®wn on Plates A-2a through A-2c¢ in Appendix A.
Total drilling footage is 355 feet. Borings B-2 alBdlO were converted into piezometers upon congiebf
drilling. Piezometer installation details are preasel on Plates B-1 and B-2 in Appendix B.

2.2 Drilling and Sampling Methods

Drilling was conducted using a truck-mounted drdlirig; existing PCC pavements were cored through
using a diamond-bit core barrel to facilitate owribgs. The soil borings were advanced using dry
continuous flight auger technique, then using wé&dny method once groundwater and/or caving sodseew
encountered. Undisturbed samples of cohesive sal® obtained from the borings by pushing 3-inch
diameter thin-wall, seamless steel Shelby tube Eamm general accordance with ASTM D-1587. Sttkeng
of the cohesive soils was estimated in the fieldgia hand penetrometer. Granular soils were saimypit

a 2-inch split-barrel sampler in accordance withTAMSD-1586. Standard Penetration Test resistance (N)
values were recorded for the granular soils as WBImer Foot” and are shown on the boring logs. All
borings (except the piezometers) were grouted @athent-bentonite and then patch with lean concrgta
completion of the drilling. Borings B-2 and B-10 m@econverted into piezometers, the piezometers were
pulled and grouted after the 30-day water levetliran Well and Plugging Reports for the two piezteng,

as reported to Texas Department of Licensing argllegon (TDLR), are presented in Appendix E.
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The undisturbed samples of cohesive soils weraigett mechanically from the core barrels in thedfeshd
wrapped in aluminum foil; all samples were sealeglastic bags to reduce moisture loss and distigdha
The samples were then placed in core boxes andpiaied to the AEC laboratory for testing and ferth

study.

3.0 LABORATORY TESTING PROGRAM

Samples from the borings were examined and cledsifi the laboratory by a geotechnical techniciatgen
supervision of a geotechnical engineer. AEC’sqmbgngineer assigned laboratory tests on seleataegles

to evaluate the engineering properties of the stdsel soils. The tests included Atterberg limitgisture
content, percent passing No. 200 sieve, and dityweight; these tests were used to obtain indepgites
and confirm field soil classification. Unconfinedrapression and triaxial consolidated-undrained (t#d)s
were performed on selected undisturbed samplesstimae the shear strength of cohesive soils. The
laboratory test results are summarized on the gdags on Plates A-3 through A-16, in Appendix AeT
key to symbols, classification of soils for engirieg@ purposes, terms used on boring logs, and ASTM
designation for soil laboratory testing are presdrin Plates A-17 through A-20, respectively, irp@pdix

A.

4.0 SITE AND SUBSURFACE CONDITIONS

4.1 Geologic Faults

As part of our Phase | fault investigation, we aeédd fault locations based on a review of avalabl
literature, public maps, and documented activetdaotlap of the project area. A review of published
Principal Surface Faults of the Houston Central rvfatlitan Area (after O’Neill and Van Siclen, with

addition by C. Norman, 2004) indicates that thgqmtalignment is located approximately one mileagw

west of a small and unnamed SSW-NNE trending fauthe Clinton Fault System. During our brief site
reconnaissance, we did not encounter obvious phlyseidence that would indicate possible fault
movements within the project area; however, thissdaot rule out possibility of future movements of

documented or yet to be identified fault(s) thayratiect the project alignment.
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4.2 Hazardous Materials

No odor or physical evidence of hazardous matenalsontaminants was observed in the recovered soil
samples. However, the presence of potential hamardnaterial along other portions of the project
alignments cannot be discounted based upon théetdnquantity and number of samples taken in our
investigation.

4.3 Surface and Subsurface Conditions

4.3.1 Existing Pavements

A summary of existing pavements encountered atbtiveng location is presented in Table 1 below. At
various locations, the existing portland cementcecete (PCC) pavements have experienced mid-slabecco
and joint cracking and fractures, differential mments along joints. Some areas have been repaitad w

asphaltic concrete (AC) overlay.

TABLE 1. EXISTING PAVEMENT ENCOUNTERED IN SOIL BORI NGS

AC PCC
Boring ID Street(s) (in) (in)
B-1 Harvey Wilson Dr. 1.6 8.9
B-2 Harvey Wilson Dr. 1.4 7.1
B-3 Harvey Wilson Dr. - 6.8
B-4 Harvey Wilson Dr. - 6.5
B-5 Plastics Ave. 1.0 6.0
B-6 Harvey Wilson Dr. - 6.5
B-7 Harvey Wilson Dr. - 7.0
B-8 Kress St. 14 7.1
B-9 Harvey Wilson Dr. - 7.0
B-10 Harvey Wilson Dr. 1.3 7.7
B-11 Harvey Wilson Dr. 0.9 5.6
B-12 Harvey Wilson Dr. - 8.0
B-13 Gazin St. - 7.0
B-14 Harvey Wilson Dr. - 8.0
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4.3.2 _Subsurface Soil Stratigraphy

Detailed subsurface soil information is presentethé individual boring logs on Plates A-3 througi6 in
Appendix A. The subsurface soil stratigraphy aldhg proposed project alignment is shown on the

Generalized Soil Profile on Plates B-3 through B-Bppendix B.

Based on information from the soil borings, thessuface natural soils consists predominantly oh fio
hard, interbedding Fat Clays (CH) and Lean/SandynL@lays (CL). A layer of very soft Sandy Lean Clay
(CL) with a SPT blow count of 2 blows/foot was faubetween depths of 13 and 19 feet in Boring BAL3.
stratum of firm Silty Clay w/Sand (CL-ML) existslbes a depth of about 6 feet in Boring B-7.

Approximately 2 to 9 feet of Clayey Sand (SC) whtgh plasticity was encountered in Borings B-1, Bzl
B-8 between depths of about 2 and 19 feet. Appratety 3 to 12 feet of Silty Sand (SM) was encowder
in Borings B-6, B-7, and B-10 through B-14 betweepths of about 15 and 21 feet. The silty sandustra

found from a depth of about 4 to 13 feet was veogsé to loose.

Fill soils were encountered in Borings B-2, B-45BB-7, and B-9 through B-13 below existing pavetiien
depths ranging from about 2 to 18 feet deep. Thenfiterials are mostly firm to hard Fat/Sandy Etdy

(CH) and Lean Clay with Sand/Sandy Lean Clay (Qtg atiff Sandy-Silty Clay (CL-ML) soils. However,
in Boring B-5, a thick layer of very soft to firngandy Lean Clay (CL) fill was found between depths

about 4 and 18 feet. Ferrous and calcareous noduteslickensides were encountered in the clag.soll

The cohesive soils encountered have Liquid Limit)(kanging from 21 to 67 and Plasticity Indices)(PI

ranging from 7 to 50. This indicates that the coreesoils have slight to very high plasticity.

The cohesive soils are classified as “CL-ML", “Caihd “CH” type soils in accordance with the Unifigdil
Classification System (USCS). “CH” type soils urgtesignificant volume changes due to seasonal &@sang
in moisture contents. “CL” type soils with lower L{less than 40) and PI (less than 20) generallyato
undergo significant volume changes with changesnoisture content. However, “CL” soils with LL
approaching 50 and PI greater than 20 essentiaghale as “CH” soils and could undergo significant
volume changes. Granular soils are classified a&8”“&nd “SM”. Granular soils and soils with PI
approaching 10 and below are prone to loose theingth when they become saturated. Details odiis

encountered during drilling are presented in thénigdogs.
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4.4 Groundwater Conditions

Groundwater level information for each boring dgriand after drilling, as well as piezometer reading
information, is presented in Table 2 below. Theugwater depths and subsurface soil moisture ntmnte
vary with environmental variations such as freqyeaed magnitude of rainfall and the time of yearewh

construction is in progress.

TABLE 2. GROUNDWATER DEPTHS BELOW EXISTING GROUND S URFACE

Boring No. Groundwater Level | Groundwater Level 15 | Groundwater Level
Encountered Minutes After Initial in Piezometers (ft)
During Drilling (ft) Encounter (ft) 24 hour | 30 day
readings | readings
B-1 12.3 10.6 N/A N/A
B-2 (PZ-1) 14.4 10.5 9.7 9.6
B-3 13.3 11.0 N/A N/A
B-4 20.3 15.3 N/A N/A
B-5 21.0 15.3 N/A N/A
B-6 9.0 8.0 N/A N/A
B-7 11.0 7.5 N/A N/A
B-8 8.0 7.2 N/A N/A
B-9 16.5 9.9 N/A N/A
B-10 (PZ-2) 9.0 6.0 5.1 5.0
B-11 115 8.8 N/A N/A
B-12 12.6 9.9 N/A N/A
B-13 9.0 N/A N/A N/A
B-14 11.0 9.3 N/A N/A

Note: 24 hour readings and 30 day readings wersumned on August 28, 2009 and September 28, 2089ectvely.

45 Subsurface Variations

The information contained in this report summaries conditions encountered on the dates the ®ring
were drilled. Due to past construction along thejgzt alignments and in the area, variations m gbil
characteristics especially in the fill soils shoblel anticipated. The groundwater depths and stdzsusoil
moisture contents will vary with seasonal and emvinental variations, such as tidal fluctuationsgérency

and magnitude of rainfall and the time of year whenstruction is in progress.

Clay soils in the Houston area typically have séeoy features such as slickensides and contain/'sstind

seams/lenses/layers/pockets. It should be nottdthike information in the boring logs is based ench
6
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diameter soil samples which were generally obtasteidtervals of 2 feet in the top 10 feet andnégrivals
of 5 feet thereafter to the termination depth. ekailed description of the soil secondary featumey not
have been obtained due to the small sample sizeamngling interval between the samples. Therefehde
some of AEC’s logs show the soil secondary feafuteshould not be assumed that the features aenab
where not indicated on the logs. The Contractoukhbe aware that the cohesive soils at the sig Imave

planes of weakness, resulting in a tendency to rawdnen not laterally confined.

5.0 GEOTECHNICAL ENGINEERING ANALYSIS AND RECOMMEND ATIONS

This project calls for the reconstruction of pavetseand associated utilities along Harvey Wilsoiv®r
between Lockwood Drive and Clinton Drive, and cartimg sections on Plastics Avenue, Kress Street and

Gazin Street.

51 New PCC Pavement

AEC understands that the existing jointed PCC pavam (with AC overlay at various places) will be
replaced with a new 42-ft wide jointed PCC roadwayailable traffic counts information indicated thhe
Harvey Wilson Drive at the intersecting Kress Stie@s highest traffic with 2001 and 2006 averagéy da
traffic (ADT) of 1,570 and 2,310, respectively. girdy from the conditions of the existing PCC pavetse
with thicknesses ranging between about 6 and ®mand the industrial setting of the project atteare are

likely high incidents of heavy truck traffic on sét pavements in this area.

For estimating the future traffic of the new PCG@adways for Harvey Wilson Drive and the connecting
sections on Kress Steet, Plastics Avenue and GGiriets, AEC assumed an ADT growth rate of 10% from
2006 to 2011 (the base year), and a traffic groath at 10% from 2011 to 2016 to account for tlegguted
traffic growth, and at 5% from 2016 through 2040-¢&ar design life). Based on the assumed grow#) ra
the ADT in the base year of 2011 would be 3,73%ufveng 10 percent heavy trucks (FHWA Class 5 or
greater) in this heavily industrial area, and aeciional and lane distribution factor of 0.6 an@,O.
respectively, we estimated that the design trdimding on the design lane is approximately equbals
4.45x10 repetitions of an 18-kip Equivalent Single-Axledcb(ESAL). The traffic load should be verified in

the final design phase.
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5.1.1 Pavement Thickness

The design procedure for determining concrete pawerthickness for rigid pavements was in accordance
with AASHTOWARE DARwin 3.0 computer program. Thisogram was developed based on the 1993
AASHTO Guide for Design of Pavement Structures, olvhivas originally developed from the AASHTO
Road Test. The following parameters were useberdesign. Design input parameters should be rooed

prior to final design.

Overall Standard Deviation {$ 0.34
Reliability (R) 95%
Initial Serviceability (p) 4.5
Terminal Serviceability (9 2.5
Joint Transfer Coefficient (J) 3.0
Drainage Coefficient (£) 1.0

Roadbed Soil Resilient Modulus (W

2,000 psi for wet season

4,500psi for dry season

Composite Modulus of Lime Stabilized SoilssgE 30,000 psi

Mean Effective Composite Modulus of Subgrade Readtk) 79 pci

Modulus of Elasticity of Concrete {E 3.37 x 1bpsi

Mean Concrete Modulus of Rupture (¥’ 600 psi (at 28 day)

Note C.O.H. Specifications No. 02751 requires a mfrb-a/2 sacks of cement per cubic yard, and desigrshall meet minS’C
requirements of 500 psi and 600 psi'aard 28 day, respectively

Minimum Compressive Strength of Concrete (fc") 5(&) psi (at 28 day)

Based on the calculation results obtained by usM@HTOWARE™ DARWiIn™ 3.0 program, we

recommend the following concrete pavement section:

TABLE 3. RECOMMENDED PAVEMENT SECTION THICKNESS

SECTION SECTION THICKNESS (in)
Portland Cement Concrete, Jointed, Reinforced 10
Subbase: 7% lime-stabilized subgrade for fat cldpgsade soils 8

Note: The actual percentage of lime should be cowefil by laboratory testing prior to construction.

5.1.2 Subgrade Preparation

The pavement subgrade should be free of any vemetairganics, and debris. The roadway excavation
should be in accordance with Section 02315 of t@92City of Houston Standard Construction
Specifications (COHSCS). Cleaning and grubbing khbe in accordance with Section 02233 of the 2009

8
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COHSCS. Any removal of tree stumps, vegetationrads will create significant disturbance to thédsso

It is important that these excavations be backfilkéth compacted select fill. The exposed surfstoauld be
proof-rolled in accordance with Item 216 of the 20IxDOT Standard Specifications for Construction of
Highways, Streets, and Bridges. The surface shoelldhecked by qualified geotechnical professiotals
identify any weak, soft or loose soils, vegetationganics, and deleterious materials. Such undaitab
materials should be removed and replaced with numsipacted select fill. For the locations wherkidil
required to achieve the design grade, compactedtddls should be used to raise the grade. Wemecend
that after clearing, grubbing, and excavation tadgr a minimum 6 inches of the top subgrade sails b
stabilized with at least 7 percent hydrated limethe high plasticity fat clay subgrade soils foatdhis site.
The stabilized soils should be placed in 8-inclséobfts and compacted to at least 95 percent@®™NETM
D-698 maximum dry density at a moisture contentveen optimum and 3 percent wet of optimum. Lime
stabilization should be in accordance with or $#c2335 of the 2009 COHSCS.

5.1.3 _Reinforcing Steel Requirements

The required longitudinal and transverse rebargHerconcrete pavement can be computed using fiolgpw

equation:

As=FLW/(2f) Equation (1)

where: A = Cross-sectional area of steel per foot widthklal, sqg. in.;
F = Coefficient of resistance between slab angisade, use 1.8;
L = Distance between free transverse joints awveeh free longitudinal edges, feet;
W = Weight of pavement per foot width of slab, th/&.; and
fs = Allowable working stress in the steel, psi; tally, a value equivalent to 75 percent of steel
yield strength is used for working stress,Grade 60 steel, use 45,000 psi.

Based on the above recommended pavement thickmebssregnforcement requirements, the required

reinforcing steel for a 10-inch thick concrete paeat (with an expansion joint spacing of 80 fesths

follows:
TABLE 4. REINFORCED STEEL DESIGN FOR RIGID PAVEMENT S
STEEL SIZES AND CORRESPONDING MAXIMUM SPACING
PAVEM'E';';)W'DTH (center to center, inches)
LONGITUDINAL TRANSVERSE
42 #4 @ 12.9 #4 @ 24.6
#5 @ 20.2 #5 @ 36
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The layout of the reinforcing steel of selectea sihould be such that the end spacing and intesitier-to-

center spacing should be meet the maximum spaditegia presented in Table 4.

The size and spacing of dowels to be provided pamsion joints for 6-inch thick concrete pavemest a
presented below. The detail should be in accordatitteCOHSCS Drawing No. 02752-01

TABLE 5. DOWEL SIZE AND SPACING FOR RIGID PAVEMENTS

PORTLAND CEMENT DOWEL SIZE AND SPACING
CONCRETE THICKNESS
(inches) DIAMETER (in.) LENGTH (in.) SPACING (in.)
10 1-Ys 18 12

5.2 Underground Utilities Installation Using Open Qut Method

5.2.1 General

The proposed utilities invert depths were not add when this report was prepared, but anticiptidake
between 10 to 15 feet deep below existing groumfhse. According to the Client, we understand tuahe
sections of the proposed underground utilities @gltre project alignments will be installed usingher

open-cut or augering method.

Based on our borings and the anticipated inverthdepf proposed utilities, the construction wikdly
encountered different soils including firm to hdadl and lean clays, medium dense to dense clayayssa
loose to dense silty sands. In Boring B-5, a |layferery soft to firm sandy lean clay fill was foubdtween
depth of about 4 and 18 feet. In Boring B-13, &khwery loose to loose silty sand stratum exigtsvieen
depths of about 4 and 13 feet, below which a vefysandy lean clay stratum exists to a depth ouahi9

feet.

Based on our groundwater observations in soil lggrituring drilling and piezometer readings, exdawnat

below 5 feet may encounter groundwater.

10
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5.2.2 Geotechnical Parameters

A summary of the recommended typical geotechniaahmeters for different types and in-situ strengths
soils is presented on Plate C-1 in Appendix C. sEhealues are based on the results of field aratdadry
test data as well as our experience. It shoulaidied that because of the nature of the soil gtegihy,

parameters at locations away from the borings naay substantially from values reported in the [#ate

5.2.3 _Trench Stability

The Contractor should be responsible for designoomstructing and maintaining safe excavations. The

excavations should not cause any distress to egistructures.

Trenches Deeper than 20 Fe®SHA requires that shoring or bracing for trenctesper than 20 feet be

designed by a licensed professional engineer.

Trenches 20 Feet Deep or Le3sench excavations that are 20 feet deep or shatlonay be shored,

sheeted and braced, or laid back to a stable stophe safety of workers, public and adjacentctrtes,
except excavations which are less than 5 feet dadpverified by a competent person to have no gave-
potential. The excavation and trenching should meagcordance with Occupational Safety and Health
Administration (OSHA), Safety and Health Regulagpf9 CFR, Part 1926. OSHA Soil Types for on-site

soils are presented on Plate C-2 in Appendix C.

It should be noted that the soil types shown asedtha@n the soil conditions encountered at the afheur
investigation. Since OSHA soil types for cohesivdssare based on their shear strength and other si
conditions, the soil types may be different duriognstruction if soil conditions differ from those

encountered during our investigation.

5.2.4 Critical Height

Critical Height is defined as the height a slop# stand unsupported for a short time; in cohesiois, it is
used to estimate the maximum depth of open-cutgvanh side slopes. Critical Height may be calcwlate
based on the soil cohesion. Values for variougesd@and cohesion are shown on Plate D-1 in AppeDdix

Cautions listed below should be exercised in ugerical Height applications:

11
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1. No more than 50 percent of the Critical Heigbtmputed should be used for vertical slopes.
Unsupported vertical slopes are not recommendedendranular soils or soils that will slough when
not laterally supported are encountered withinekeavation depth.

2. If the soil at the surface is dry to the poirtere tension cracks occur, any water in the cratk w
increase the lateral pressure considerably. litiaddif tension cracks occur, no cohesion shdadd
assumed for the soils within the depth of the cratke depth of the first waler should not exceed
the depth of the potential tension crack. Strhtsuld be installed before lateral displacement mcu

3. Shoring should be provided for excavations witiemged space precludes adequate side slopes, e.g.
where granular soils will not stand on stable stoged/or for deep open cuts.

4. All excavation and shoring should be designed aanstructed by qualified professionals in
accordance with OSHA requirements.

Plate D-2 in Appendix D presents the maximum alloaslopes in Soil Types A, B, and C for excavation
less than 20 feet. If limited space is availabletifie required open trench side slopes, the spapéred for
the slope can be reduced by using a combinatiobrafing and open cut as illustrated on Plate D-3 in
Appendix D.

5.2.5 Computation of Bracing Pressures

The following method can be used for calculatindrepressures against temporary bracing. Lateesgure
resulting from construction equipment, traffic lsaar other surcharge should be taken into accbunt
adding the equivalent uniformly distributed surgj®ato the design lateral pressure. Hydrostaticspires if
any, should also be considered. The active eaesspre at depth z can be determined by followingiéon,
typical design soil parameters can be derived lgraening the soil types and strength parametaraddn

individual boring logs and referring to Plate ChlAppendix C.

P,=(q, + ), +y'h,)K, —ZC\/K_a+ v.h .Equation (2)
Where: B = active earth pressure, pound per square feét (psf
Os = uniform surcharge pressure, psf;
V.Y = wet unit weight and buoyant unit weight of sgibund per cubic feet (pcf);
hy = depth from ground surface to ground water tcfielet;
h, = z-h, depth from ground water table to the point uraersideration, feet;
z = depth below ground surface for the point urndasideration, feet;
Ka = coefficient of active earth pressure;
c = cohesion of clayey soils, psf; and
Vv = unit weight of water, 62.4 pcf.

12
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Pressure distribution for the practical designtafts in open cuts for clays and sands are illtestran Plates
D-4 through D-6 in Appendix D. If excavations aoeated close to existing structures, we recommeirju
the coefficient of at-rest earth pressurg)(For design to reduce the potential for distresghte existing

structures. Values of g&an also be found on Plate C-1 in Appendix C.

5.2.6 Bottom Stability

In open cuts, it is necessary to consider the pibsgiof the bottom failing by heaving, due to themoval of
the weight of excavated soil. Heaving typicallycors in soft plastic clays when the excavation llept
sufficiently deep enough to cause the surroundoiige displace vertically due to bearing capac#yjure of
the soil beneath the excavation bottom, with aesponding upward movement of the soils in the bowd
the excavation. In fat and lean clays, heave nilyndaes not occur unless the ratio of Critical ¢tdito
Depth of Cut approaches one. In very sandy aryl Isén clays and granular soils, heave can odcan i
artificially large head of water is created dueirtstallation of impervious sheeting while bracirg tcut.
This can be mitigated if groundwater is loweredlethe excavation by dewatering the area. Guidslior

evaluating bottom stability in clay soils are presel on Plate D-7 in Appendix D.

If the open cut excavation extends below groundwated the soils at or near the bottom of the extiam
are mainly sands or silts or low plasticity clagisee bottom can fail by blow-out (boiling) when dfauient
hydraulic head exists. The potential for boilingreflow of granular soils increases where theugiawater
is pressurized. To reduce the potential for bgilof excavations terminating in granular soils kelo
pressurized ground water, the ground water taldeldibe lowered and maintained at least 3 feetvbéhe

excavation. In extreme conditions, structural agrafcal stabilization of the granular soils may eguired.

If the braced excavation terminates in a cohesork Isut is underlain by granular soils and is sabjto
hydraulic pressure, the factor of safety againstobo failure can be conservatively calculated (aetjhg

shear strength) from the equation presented below:

F=yh/y,h Equation (3)

W e

Where F = safety factor against blow-out, miniml.25;
Ys = unit weight of cohesive soil above sand layef; p
hs = height of cohesive soil above sand layer, feet;
Vw = unit weight of water, pcf; and
h, = hydrostatic head, feet.

13
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The most effective means of improving the bottoafdity is to lower the groundwater table to atsea feet

below the bottom of the braced excavation.

Secondary features such as calcareous and ferrodsles, silt and sand seams, slickensides were
encountered within cohesive soil in our boringse3é secondary features may become sources ofzledali
instability when they are exposed during excavatespecially when they become saturated. Suck soll
have a tendency to slough or cave in when notddyeconfined, such as in auger pit excavationdie T
Contractor should be aware of the potential foreemvof the soils. Low plasticity soils will los#rength

and may behave like granular soils when saturated.

5.2.7 _Loading on Buried Pipes

Earth Loads:For underground conduits to be installed usingdpen-cut trench method, the vertical soil

load W, can be calculated as the larger of the two véhees Equations (4) and (6):

W, = GvyBZ Equation (4)

Ci = [1-e®¥®BIyceky Equation (5)

We = yBoH Equation (6)

Where: W = trench fill load, pounds per linear foot (Ibyft

G = trench load coefficient, presented on Plat Bppendix C;

y = effective unit weight of soil over the condugtf;

By = trench width at top of the conduit < 1.5 Ret;

B. = outside diameter of the conduit, feet; and

H = variable height of fill, feet;
when the height of fill above the top of the conddi>2 By, H = H, (height of fill
above the middle of the conduit). Whep<42 By, H varies over the height of the
conduit; and

K, = 0.1650 maximum for sand and gravel;

0.1500 maximum for saturated top soil;
0.1300 maximum for moist clay; and
0.1100 maximum for saturated clay.

When the underground conduits are located belowtbend water level, the total vertical dead loslasuld

include the weight of the projected volume of watlkove the conduits.

14
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Traffic Loads: The vertical stress p(psf) resulting from traffic loads can be obtairfeain Plate C-4 in

Appendix C. The live load on the top of the undeund conduit can be calculated from following eipra

W= npB Equation (7)

Where: W = live load on the top of the conduit, Ib/ft;
pL = vertical stress (on the top of the conduit) itasg from traffic loads, psf; and
B. = outside diameter of the conduit, feet.

Lateral LoadsThe lateral soil pressurg gan be calculated from following equation; hydatist pressure

should be added, if applicable.

p = 05Hv+p) Equation (8)
Where: H = height of fill above the center of the condtegt;
y = effective unit weight of soil over the conduyatf; and
Ps = vertical pressure on conduit resulting from iafind/or construction equipment,

psf.

5.2.8 Bedding and Backfill

Excavation and backfill for utilities should be &cordance with Sections 02317 and 02320 of th® 200
COHSCS. In general, bedding and backfill for thelenground utilities should be in accordance with
COHSC Detail Drawings, Drawing No. 02317-01, 028%7-02317-03 and 02317-08, as applicable.

Cohesive soils except CL-ML, with a LL of less théhand a Pl in the range of 8 to 20 can also bd as
backfill material. Backfill should be placed in kmlifts not exceeding 8 inches in thickness. Bickithin

3 feet of structures should be placed in looss lifd more than 4-inches thick and compacted usimgl h
tampers, or small self-propelled compactors. Thaliould be compacted to a minimum 95% of the ASTM
D-698 (Standard Proctor) maximum dry unit weighd @b moisture content between optimum and 3% wet
of optimum, in accordance with Section 02317 of2069 COHSCS.

15
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5.3 Underground Utilities Installation Using Augering Method
5.3.1 _General

We understand that some of the proposed undergrotilitées, especially water lines, will be instd by
auger methods. The information in this report $hdne reviewed so that necessary ground water @ontr
and appropriate augering equipment and technigaiede planned and factored into the constructian pl

and cost estimate.

Augering operations should be performed in accardamith “Augering Pipe and Conduit”, Section 02447
of the 2009 COHSCS ". The Contractor is respondinieselecting, designing, installing, maintainiagd
monitoring safe augering systems and retaininggssibnals who are qualified and experienced tooparf
the tasks and who are capable of modifying theesystas required. The following discussion provides

general guidelines to the Contractor for augerieghods.

5.3.2 _Auger Pits

Auger pits are required for jacking and receivinges. They should be designed and constructed in
accordance with Item 3.04, Section 02447 of theQ200HSCS. Auger pits need to be shored because the
side walls are normally cut vertically to consesgace. They should be designed as braced excavétion
accordance with requirements in Section 5.2 of thjgort. The Contractor is responsible for designin
constructing and maintaining safe excavations. @xeavations should not cause any distress to egisti

structures.

Hydrostatic Uplift Resistance For resistance against hydrostatic uplift, bumbyanit weights of 90 for

concrete and 60 pcf for soil should be used. Mummrecommended safety factors against uplift atefdr.
concrete weight, 1.5 for soil weight and 3.0 forl $oction. The design criteria for uplift resistae are

presented on Plate D-8 in Appendix D.

Bottom Stability Bottom stability for open-cut method is presernteSection 5.2.6 of this report.
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5.3.3 _Reaction Walls

Reaction walls (if used) will be part of the augérwalls; they will be rigid structures and supipaugering
operations by mobilizing passive pressures of tils $ehind the walls. The passive earth pressanebe
calculated using Equation (9); we recommend thiaiceor safety of 2.0 be used for passive earthspres

The typical design soil parameters are presentdé@laie C-1 in Appendix C.

o = yzK,+2eK,” L Equation (9)
Where, p = passive earth pressure, psf;

% = wet unit weight of sail, pcf;

z = depth below ground surface for thexpander consideration, feet;

Ko = coefficient of passive earth pressure; and

c = cohesion of clayey soils, psf.

Due to variation, soils with different strengthsdacharacteristics will likely be encountered atigeg
location. The soil resulting in the lowest pasgivessure should be used for design of the walis. Soil

conditions should be checked by geotechnical peeddn confirm the recommended soil parameters.

5.3.4 Loadings on Pipes

Earth Loads For underground conduits to be installed by @ngemethod, the vertical soil load can be

calculated using Equations (10) and (11):

W= GyB?#-2¢GB, . Equation (10)
C= [1-eM®yeky L Equation (11)
Where: W earth load under tunneled conditions, Ib/ft;
G load coefficient, dimensionless, presenteélate C-3 in Appendix C;
% effective unit weight of soil over the pipefpc
B maximum width of tunnel excavation, feet;

height of cover above the top of the pipetf
cohesion of the soil above the excavatiofy, ps
base of natural logarithms; and

0.1650 maximum for sand;

0.1500 maximum for saturated top soil;
0.1300 maximum for moist clay; and

0.1100 maximum for saturated clay.

A0 O T

=

When the underground conduits are located belowthend water level, the total vertical dead losliguld

include the weight of the projected volume of watlkove the conduits.
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Traffic Loads The calculation of traffic loads on the pipes cafer to Section 5.2.7 of this report.

5.3.5 Auger Face Stability during Construction

GeneralThe stability of an auger face is governed primgdif ground water and subsurface soil conditions.
Based on our borings and the proposed utility indepths, we anticipate that the majority of thiityt
construction will be advanced in firm to very stifit and lean clays, silty clays, with occasiortehts of
clayey sands or silty sands. In Boring B-5, a tHagfer of very soft to firm sandy lean clay fill /éound
between depths of about 4 and 18 feet. Also, angetteper than 5 feet will likely encounter grouatkw.
Secondary features such as slickensides, santt seaims/pockets/layers were also encountered niti
cohesive soils, and could be significant at songatlons. In addition, the type and property of suface

soils are subject to change between borings, aryddifferent at locations away from our borings.

If granular soils are encountered during constamgtthe auger face may become unstable. Granular so
below ground water will tend to flow into the exe&ien hole; granular soils above the ground wadeell
will generally not stand unsupported but will tetedravel until a stable slope is formed at the faith a
slope equal to the angle of repose of the maténisd loose state. Thus, granular soils are gewerall
considered unstable in an unsupported excavatioet fancontrolled flowing soil can result in largess$ of

ground.

Anticipated Ground BehavioA Stability Factor N= (P, - P,)/C, may be used to evaluate the stability of an

unsupported tunnel face in cohesive soils, whelis fhe overburden pressure to the tunnel cengriis

the equivalent uniform interior pressure appliethiface; and (s the undrained shear strength of the soil.
Generally, a Stability Factor (Nof 4 or less is desirable as it represents atipeddimit below which
tunneling may be accomplished without significaiffiallty. Higher N, values usually lead to large
deformations of the soil around the tunnel, andeased subsidence. It should be noted that thesexp
time of the face is most important; with time, qresd the soil will occur, resulting in a reductiofi shear

strength. The Nvalues will therefore increase when constructimgpess rate is slow.

No size and invert depth information on the proposglities is available at this time. For estinmatiN
values for utiltities construction along the pradjatgnment, we assumed three pipe diameters gf3&2and
48-inch, and invert depths of 5, 10 and 15 feebwetxisting grade. Using the soil boring informatiove
estimated Nvalues of 2 or less for auger excavation withi firm to hard cohesive soils with the assumed

pipe diameters and auger depths. HowevevaNies are estimated to exceed 4 for auger exoagadeeper
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than 5 feet in the thick and very soft clay sodarid in Boring B-5, in the very loose to looseysdand and
very soft sandy lean clays found in Boring B-13( @ other locations where augering will advaneeugh
granular soils or clay soils with minimal or no esion. As noted earlier in this report, some ofdbkesive
soils have secondary features; those soils hagadehcy to slough or cave in when not laterallyfioeal. If
significant saturated sand/silt seams are encamhtduring augering, casing/liner or pressure batgnc

should be promptly installed/implemented to enhastability of the auger excavation.

Influence of Augering on Existing Structurdsisturbance and loss of ground from auger opearatimay

create surface soil disturbance and subsidenceshwhiturn may cause distress to existing strusturne
pavements located in the zone of soil disturbafidee magnitude of the surface settlement and soil

subsidence is proportionate to the volume of tlezveation.

If existing foundations are located too close t® pnoposed augering alignment, subsidence or settieof

the soils adjacent to these foundations can resultcause unacceptable movements/distress in istengx
foundations. Also, lateral movements of the sailay from the foundations (as a result of collagmed-in

or subsidence of the soils above the tunnel) caoce the foundation bearing capacity due to loss of
overburden. Existing structures and foundationsafled inside the influence zone) should be adelyuat
protected before beginning tunneling operationke ihfluence zone of a auger hole is assumed tndx

distance of about 2.5i from the center of the algpdz, as shown on Plate D-9 in Appendix D.

With the assumed pipe diameters and invert depthsestimated the resulting influence zones (extendi
from the centerline of the tunnel) to be approxighaB to 9 feet for most of the typical soils enctared in
our borings. Assuming good augering technique, nticipate that the surface subsidence to be lessdhe
inch in auger excavations in the most of the subsarsoils found in our borings. However, settletaen
caused by auger excavations in the thick, very teoffoft clay found in Boring B-5, and the very $eoto

loose silty sand found in Boring B-13, will be muuaigher.

Methods to mitigate movements and/or distress tstiag structures will require the services of adplty
contractor. We emphasize that the size of the emite zone of an auger hole is difficult to detesmin
because several factors influence the responsbeokail to tunneling operations including type ofl,s
ground water level, type of tunneling equipmentthod of tunneling, experience of operator and other
construction in the vicinity. The values of tunriefluence zone presented herein are therefore rough

estimates.
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Measures to Reduce Distress from Augeritigpact to the existing foundations and structuraa be

mitigated by following proper augering proceduré&ome methods to mitigate movement and/or disteess
existing structures include supporting the excawvatiith the steel or concrete pipe as soon asxbavation

is advanced and at short intervals, and properbutgrg of the annular spaces where necessary, in
accordance with Item 3.07, Section 02447 of the92D0HSCS.

To reduce the potential for the augering operatonnfluence existing foundations or structures, we
recommend that the outer edge of the influence odribe auger hole to be a minimum of 5 feet frdm t
outer edge of the bearing zone of existing fourdati The bearing zone of existing foundation fenee by

a line drawn downward from the outer edge of astelg foundation and inclined at an angle of 45rdedo

the vertical.

For the thick, very soft to soft clay soils and they loose to loose silty sand found in Boring$ Bnd B-
13, the areal extent of the weak soils may be mrab&ing construction. If feasible and economithg
weak and soft soils may be reworked (with possiinie stabilization) and recompacted, or, removed an
replaced with compacted select fill to increaséilitga and mitigate settlements. Adequate shorifage
support, and good groundwater control (where needieduld be provided for excavations and augering

conducted within these weak soils.

Monitoring Existing Structured€Existing structures in the vicinity of the propdseuger alignment should be

closely monitored prior to, during and for a pergfter augering operations. Several factors (diolg soil
type and stratification, construction methods, Wweatconditions, other construction in the vicinity,
construction personnel experience and supervisiay impact ground movement in the vicinity of the
alignment. We therefore recommend that the Comdrdoe required to survey and adequately document
condition of existing structures in the vicinity tife proposed alignment. The monitoring prograntlie
proposed tunneling operations should be in accaalanth Item 3.10, Section 02447 of the 2009 COHSCS

54 Deflection of Flexible Pipes
Deflection is one of the controlling factors in tlesign of buried flexible or semi-rigid pipes, Bwas steel
or ductile iron pipes. These pipes deflect under &wod surcharge loads; the amount of deflectiom is

function of the service load on the pipe, the s&#s of the pipe, and the surrounding soll.

The deflection can be calculated using the Modifiedta Formula, expressed as Equation (12), and the
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effective stiffness, E’ of the surrounding soilh€l'E’ is a combination of the stiffness of the pipebedment
material, Ez and the stiffness of the native soil within pipabedment zone, k' Long-term deflection
values are typically used for flexible/semi-rigitb@ design; these values may be obtained by applgin

appropriate deflection lag factor, 1o the short-term deflection values used in thadifled lowa Formula.

Ay = DLKW

EL +0.061E"

Equation (12)

Where: Ax = pipe deflection, inch;

D. = deflection lag factor, use 1.2 for granular Kigicin accordance with “Steel Pipe and
Fittings for Large Diameter Water Lines”, Sectid@b@8 of the 2009 COHSCS;

K = bedding constant, use 0.1 per Section 825the 2009 COHSCS;

W = [W,(from Eq. 6 for open cut/Eq. 10 for augering methe W, (from Eq. 7) +W], total
service load on the crown of the pipe, Ib per lirieah; W, = weight of water prism (if
any) above the crown of the pipe;

E = initial modulus (Young's modulus) of the pimaterial, psi;

I = pipe wall moment of inertia per unit length.in.;

R = mean pipe radius, inch; and

E' = effective modulus of soil reaction, psi.

The effective modulus of soil reactior!, Bhay be obtained from the equations presentedibelo

EE = zeta*Eg = Equation (13)
zeta = 44 Equation (14)
f+ @44-f)*Eg'/E’
Where: f = By/B. -1 Equation (15)

1154+ 0.444B, / B, -1)

By trench width at the top of the pipe; and

Bc

outside diameter of the pipe.

For the stiffness of the pipe embedment materig) £000 psi can be used for granular materials sisch
clayey sand, silty sand, silty gravel or clayeyvgiacontaining less than 12% fines) with minimusf/®
ASTM D698 compaction. The stiffness of the nased within the embedment zone,\&an be estimated
in accordance with the soil parameters on Plate i@-Appendix C (in conjunction with the subsurface
information from applicable boring logs), and frdrable 6 below. Predictions of pipe deflection dddwe

based upon the lowest soil stiffness category fatrile elevation of the proposed pipe embedmerd.zo
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TABLE 6. EFFECTIVE MODULUS OF SOIL REACTION E’

Cohesive Soils Granular Soils
: Stiffness .
Undrained '
. .- SPT . L. Category E N (pSI)
Shear Strengthl Description Description
(blows/ft)
(tsf)
>3.0 Very Hard > 50 Very Dense A 3000
2.0t0 3.0 Hard 31 to 50 Dense B 2000
1.0t0 2.0 Very Stiff| 16 to 30 M[fd'“m C 1000
ense
Loose to
0.5t01.0 Stiff 8to 15 Medium D 600
Dense
0.25t0 0.5 Firm 5to7 Loose E 300
0.1251t0 0.25 Soft 2to 4 Very Loose F 200
<0.125 Very Soft <2 Very Loose G 100

5.5 Pipe Systems Thrust Restraint

Thrust forces are generated in pressure pipegesult of changes in pipe diameter, pipe directioat the
termination point of the pipes. The pipes coulsedgage at the joints if the forces are not bathiaes if
the pipe restraint is not adequate. Various methmidthrust restraint are used including thrustckéo

restrained joints, encasement and tie-rods.

Thrust restraint design procedures based on the idameiVater Works Association Manual M9 (1995)
Concrete Pressure Pipes are discussed herein.Hdeshows the force diagram generated by flova in
bend in a pipe and also gives the equation for caimg the thrust force. An example computatioraof

thrust force for a given surge pressure and a begte is presented on Plate D-11, in Appendix D.

Frictional Resistancefhe unbalanced force due to changes in grade lagrdreent can also be resisted by

frictional force Ik, between the pipe and the surrounding soil. Esesting frictional force per linear foot of

pipe against soil is computed as Equation (16):
FrR = fFERWe+W,+W,) Equation (16)

Where, f = Coefficient of friction between pipedasoil
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W, = Weight of soil over pipe, Ib/ft.;
W,, = Weight of water inside the pipe, Ib/ft.; and
W, = Weight of pipe (Ib/ft)

The value of the frictional resistance dependshenmaterial in contact with the backfill and thel ssied in
the backfill. For a steel or concrete pipe wittmpacted granular backfill, an allowable coefficiarit
friction of 0.3 can be used. To account for suliradrconditions, a soil unit weight of 60 pcf shob&lused

to compute the weight of compacted backfill onpige. Passive resistance of soil should not bleidiecl.

5.6 Manholes

Access manholes or manways may be constructedeates locations along the alignment of the progdose
utilities, at depths of about 10 and 15 feet bebxisting grade. The Contractor should be respoadit
designing, constructing and maintaining safe exiana for the proposed manholes. Manhole open-cut
excavations shall be in accordance with Sectionob this report. Geotechnical recommendations tioleyu
design of these below-grade structures are pratéelew.

5.6.1 _Allowable Bearing Capacity

We assume mat foundation on prepared foundatide/lsedding will be used for the proposed manholes.

The following net allowable bearing capacities, ett@ver is critical, may be used for proportionihg t
proposed mat foundations:

TABLE 7. ALLOWABLE NET BEARING CAPACITY FOR MANHOL E FOUNDATIONS

Applicable Soil Borings Manhole Depth below Net Allowable Bearing Capacity, psf
Existing Grade (ft) | Sustained Load Only| Total Load
(F.S.=3.0) (F.S.=2.0)
At/Near Boring B-5 and B-13 All 400 600
Above 5 750 1,125
. 510 10 1,000 1,500
Other Locations 1010 15 1500 2 250
15 to 20 2,000 3,000

AEC recommends that soft cohesive soils or weakujgamr low plasticity foundation soils be remoueda

minimum depth of one foot below the mat foundatiarsl replaced with cement-stabilized sand in

accordance with Section 02321 of the 2009 COHSG®mpacted gravel wrapped with geofabric.
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The net bearing pressure is determined by:

1. Summing the weight of the load applied to thenfiation, the weight of the foundation and the wedafh
soil backfill placed above the foundation;

2. Subtracting the weight of soil excavated from fiundation; and

3. Dividing the result of items 1 and 2 by the basea of the foundation.

5.6.2 Uplift Resistance

The manholes should be designed to resist hydiosialift. For uplift design of the undergroundtsttures,
we recommend that the water level be assumed tat bee ground surface or 100-year flood elevation,
whichever is more critical. If the dead weightstloé structures are inadequate to resist uplitdsy toe
extensions of the base slabs may be constructéldasahe effective weight of the soil above theeaxied
slabs can be utilized to resist the uplift forc8he unit buoyant weight of concrete can be talef®pcf.
The minimum recommended factors of safety againkft hould be 1.1 for concrete weight, 1.5 forlsoi
weight and 3.0 for soil friction. Design soil pareters are included on Plate C-1 in Appendix C.

Recommended design critef@ uplift resistance are shown on Plate D-8 in Apgix D.

5.6.3 Lateral Earth Pressures

There is no movement allowed for the walls of thenholes. Therefore, the walls should be designedtfo
rest earth pressure. The magnitudes of these pessaill depend on the type and density of the bick
surcharge on the backfill and hydrostatic presstieay. If the backfill is over-compacted or ifghily plastic
clays are placed behind the walls, the lateralhepressure could exceed the vertical pressure.icalyp
backfill materials placed behind manhole wallstie Houston area include select fill and cementil&at

sand.

Lateral pressure resulting from construction eq@pitor other surcharge should be taken into accbynt
adding the equivalent uniformly distributed surg®ato the design lateral pressure. Hydrostatisgune
should also be included, unless adequate draisagevided behind the walls. The at-rest eartlsquee at
depth z can be determined by the Equation (179l&snfs:

Po =(G+ym+yh)Ke+phy L Equation (17)

Where, 2]
Os

at-rest earth pressure, psf;
uniform surcharge pressure, psf;
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Y.y wet and buoyant unit weights of soil, pcf, presed on Plate C-1 in Appendix C;
hy = depth from ground surface to ground wtable, feet;

h, = z-h, depth from ground water table to point under @ersition, feet;

z = depth below ground surface, feet;

Ko = coefficient of at-rest earth pressurespnted on Plate C-1 in Appendix C; and
Yo = unit weight of water, 62.4 pcf.

5.6.4 Backfill Material

According to Section 02317 of the 2009 COHSCS,famholes below paved areas shall be encapsulated
with cement stabilized sand, minimum one foot belmage, minimum one foot around walls, and up to
within 12 inches of pavement subgrade. Cemenilstadh sand should comply with Section 02321 and
compacted in accordance with Item 3.10, Sectionl®2& the 2009 COHSCS, respectively. In unpaved
areas, manhole backfill should consist of seldcplaced as specified in Item 3.11.C, Section (281 the
2009 COHSCS; select fill should be Class IV LeaayGh accordance with Item 2.02.1, Section 0232¢hef
2009 COHSCS, and compacted to a minimum 95% oABIEM D-698 maximum dry unit weight and at a

moisture content between optimum and 3% wet ofaynti.

6.0 CONSTRUCTION CONSIDERATIONS

6.1 Site Preparation

To mitigate construction problems which may develoattempts are made to work the surface materials
following prolonged periods of rainfall, we recommetiét prior to starting any work at the site, prope
construction drainage be provided to maintain atredly dry construction site. Improper site desge can
result in wet surface soil conditions and excesdisturbance to the subgrade soils. Methods fotroting
surface runoff and ponding include proper site gygdberm construction around exposed areas, and

installation of sump pits with pumps etc.

6.2 Groundwater Control

According to our water level reading in Piezometersl and PZ-2, the long term ground water leveltis
depths ranging from about 5 to 10 feet below exigstiround surface. However, the groundwater caoorti
might vary during construction. In the event thagre is heavy rain prior to or during constructitme
groundwater table may be higher than that indicatethis report; higher seepage is also likely amaly

require a more extensive groundwater control pmoagrn addition, groundwater may be pressurized in

25



-—MI——
s el
ENGINEERING CORP.

certain areas of the alignment, requiring furthealgation and consideration of the excess hydriostat

pressures.

The Contractor should be responsible for selectilegigning, constructing, maintaining and monitgran
groundwater control system and adapt his augerperations to ensure the stability of the excavation
Groundwater information presented in Section 4d elsewhere in this report, along with considerafiar
potential environmental and site variation betwtentime of our field exploration and constructishpuld

be incorporated in evaluating groundwater depths.

We recommend that the Contractor verify the growstdw depths and seepage rates and existence of
pressurized groundwater prior to and during coesitn and retain the services of a dewatering exjoer
assist him in identifying the most suitable andt@ftective method of controlling groundwater, geded.

The Contractor should take necessary precautiorsveed distressing existing structures as a resiilt
dewatering. The following recommendations are ingehdo guide the Contractor during design and
construction of the dewatering system. In saturatedosits of granular soils, groundwater is typycal
controlled by the installation of vacuum well poinlose well point spacing is required if the gram soils

are fine-grained; this spacing is typically on tireler of 10 to 20 feet on center. The practical imamn
depth for the use of vacuum well points is considdgmebe around 15 feet. When groundwater control is

required below 15 feet, deep wells with submergiimps have generally proved successful.

In cohesive soils seepage rates are lower tharaimutar soils and groundwater is usually colleétesumps
and channeled by gravity flow to storm sewers. dhe&sive soils contain significant secondary feature
seepage rates will be higher. This may requireelasgmps and drainage channels, or if significaatgjar
layers are interbedded within the cohesive soilthiwds used for granular soils may be required.ré/hes

present, pressurized groundwater will also yieghbir seepage rates.

6.3 Construction Monitoring

Site preparation (including clearing and proofira), earthwork operations, and foundation consimac
should be monitored by qualified geotechnical pgsienals to check for compliance with project doents

and changed conditions, if encountered. We recomrnifeatdAEC be allowed to monitor the construction

and installation of pavement, storm/sanitary seweager lines and other items related to our irigasbn.
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7.0 GENERAL

The information contained in this report summarizes conditions found on the dates the borings were drilled.
The attached boring logs are true representations of the soils encountered at the specific boring locations on
the dates of drilling. Reasonable variations from the subsurface information presented in this report should
be anticipated. AEC should be allowed to review the design and construction plans and specifications prior
to release to check that the geotechnical recommendations and design criteria presented herein are properly
interpreted. If conditions encountered during construction are significantly different from those presented in

this report; AEC should be notified immediately.

8.0 LIMITATIONS

This investigation was performed using the standard level of care and diligence normally practiced by
recognized geotechnical engineering firms in this area, presently performing similar services under similar
circumstances. This report is intended to be used in its entirety. The report has been prepared exclusively
for the project and location described in this report. If pertinent project details change or otherwise differ
from those described herein, AEC should be notified immediately and retained to evaluate the effect of the
changes on the recommendations presented in this report, and revise the recommendations if necessary. The
recommendations presented in this report should not be used for other structures located along this alignment

or similar structures located elsewhere, without additional evaluation and/or investigation.

9.0 CLOSING REMARKS

AEC appreciates the opportunity to be of service on this project and looks forward to our continuing

association during the construction phase of this project and on future projects.

AVILES ENGINEERING CORPORATION

\

Peng Sia Tang . M.S.C.E., P.E.
Senior Engineer

Chun Ho Lee, M.S.C.E.,, E.IT.
Graduate Engineer

June 6, 2011

Copies Submitted: Omega Engineers, Inc. 3 Plus 1 PDF
File 1
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Plate A-1

Plates A-2a to A-2c
Plates A-3to A-16
Plate A-17

Plate A-18

Plate A-19

Plate A-20

APPENDIX A

Vicinity Map

Boring Location Plan

Boring Logs

Key to Symbols

Classification of Soils for Engineering Purposes

Terms Used on Boring Logs

ASTM & TXDOT Designation for Soil Laboratory Tests
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PROJECT: Harvey Wilson Drive Reconstruction

DATE 8/25/09

TYPE 4" Dry Auger / Wet Rotary

s

ENGINEERING corp. BORING

GEOTECHNICAL ENGINEERS

B-1

LOCATION See Boring Location Plan

<
DESCRIPTION E SHEAR STRENGTH, TSF
o . | <
< = = O W
& z 5 | 3] Z |2 confined i g
w Ui P S o onfined Compression & E
= = % W & ® Unconfined Compression | = % z
z D—%' E ® = E O Pocket Penetrometer é a 2|8
52 = | 3| x| O Torvane s 13|22
[a) n | ) = a 05 1 1.5 2 o Jla|la
0 Pavement: 1.6" ACC and 8.9" PCC
Very stiff, dark gray Fat Clay (CH), with 3" 27 & 57 (1443
sand layer at surface, and ferrous nodules
Tan and light gray Clayey Sand (SC), with 17 | 111 \{.I
calcareous and ferrous nodules
L || ] 48 [33]11]22
5 14 H
29 |12] 17
14 | 113 ®
38
16 ?
- 10
h 4
Stiff to very stiff, reddish brown and light /
gray Fat Clay (CH), with slickensides, 3
calcareous nodules, and siltstone fragments
25 | 102 /\
- 15 .
Dense, tan and light gray Clayey Sand (SC),
with sand seams
33 19 28 [11] 17
- 20 Very stiff, light gray and brown Fat Clay
(CH), with calcareous nodules
93
24
L 25 4 —
Termination depth = 25 feet.
- 30 .
- 35 .
BORING DRILLED TO 20 FEET WITHOUT DRILLING FLUID
WATER ENCOUNTERED AT 12.3 FEET WHILE DRILLING =£
WATER LEVEL AT 10.6 FEET AFTER 15 MIN. z
DRILLED BY V&S CHECKED BY CHL LOGGED BY BOB METZGER

PROJECT NO. G169-09 PLATE A-3



PROJECT: Harvey Wilson Drive Reconstruction

s

ENGINEERING corp. BORING

GEOTECHNICAL ENGINEERS

B-2

DATE 8/25/09 TYPE 4" Dry Auger / Wet Rotary LOCATION See Boring Location Plan
S
DESCRIPTION E SHEAR STRENGTH, TSF
3 = b s x
m x = | 8] 2| A confined i 2
w Ui P S o onfined Compression & E
= = % W E ® Unconfined Compression | = % -
- | g8 & 2 | @ | O PocketPenetrometer é a 2|8
52k = | 3| x| O Torvane s [3]2]2
[a) n | ) = a 05 1 1.5 2 o Jla|la
0 Pavement: 1.4" ACC and 7.1" PCC |
Fill: stiff, dark gray Fat Clay (CH), with sandy 24 | 99 )]
clay seams and ferrous stains 47 12| 35
Stiff to very stiff, gray and tan Sandy Lean 21 \C{
Clay (CL), with roots 2'-6', and ferrous stains
| -light gray and tan 4'-10', with calcareous o
° nodules 4'-6' 15 1112 -
-with sand pockets 6'-8'
19 T,
il 35 |11 24
18 | 112 _p®
- 10 -
Medium dense, tan and light gray Clayey ¥ 20 Q 33
Sand (SC), with abundant ferrous stains
12
— Stiff, tan and light gray Sandy Lean Clay 19 59
20 1 (CL), with silt partings and ferrous stains
, Very stiff, tan and light gray Fat Clay (CH),
/ with slickensides & 65 [15] 50
25 | 100 @ D,
% Termination depth = 25 feet.
- 30 .
- 35 .
BORING DRILLED TO 20 FEET WITHOUT DRILLING FLUID
WATER ENCOUNTERED AT 14.4 FEET WHILE DRILLING =£
WATER LEVEL AT 10.5 FEET AFTER 15 MIN. z
DRILLED BY V&S CHECKED BY CHL LOGGED BY BOB METZGER

PROJECT NO. G169-09 PLATE A-4



PROJECT: Harvey Wilson Drive Reconstruction

DATE 8/25/09

TYPE 4" Dry Auger / Wet Rotary

s

ENGINEERING CORP.

GEOTECHNICAL ENGINEERS

BORING

B-3

LOCATION See Boring Location Plan

<
DESCRIPTION E SHEAR STRENGTH, TSF
< i N | | i
E & ” 5 > | & Confined Compression =l =
= = % W & ® Unconfined Compression T % % -
- | g8 & =] E O Pocket Penetrometer é a 2|8
52k = | 3| x| O Torvane s [3]2]2
[a) n | ) = a 05 1 1.5 2 o Jla|la
0 Pavement: 6.75" PCC 4
Very stiff, tan and light gray Lean Clay w/ 13
Sand (CL), with ferrous stains
Stiff to hard, dark gray Sandy Lean Clay 19 | 105 « S
(CL), with ferrous stains
5 -gray and tan 4'-6 15 § 34 |12 22
-light gray and tan 6'-15', with sand pockets
6'-8' 15 | 113 ® H
63 |30 |12|18
16 77
- 10 .
¥y
-with sand pockets 13'-15' ¥ ]
17 | 107 A @
- 15 .
Very stiff, light gray and red Lean Clay (CL),
with silt partings
17 o5 37 |15] 22
[ 7 Hard, light gray and tan Fat Clay (CH), with
/ calcareous nodules and ferrous stains
/ 20 S
L 25 4 —
Termination depth = 25 feet.
- 30 .
- 35 .
BORING DRILLED TO 20 FEET WITHOUT DRILLING FLUID
WATER ENCOUNTERED AT 13.3 FEET WHILE DRILLING =£
WATER LEVEL AT 11.0 FEET AFTER 15 MIN. z
DRILLED BY V&S CHECKED BY CHL LOGGED BY BOB METZGER

PLATE A-5

PROJECT NO. G169-09



PROJECT: Harvey Wilson Drive Reconstruction

DATE 8/25/09

s

TYPE 4" Dry Auger

GEOTECHNICAL ENGINEERS

ENGINEERING corp. BORING

B-4

LOCATION See Boring Location Plan

S
DESCRIPTION E SHEAR STRENGTH, TSF
o . | <
< = [ S w
& z 5 | 3] Z |2 confined i g
w Ui P S o onfined Compression & E
= = % W & ® Unconfined Compression | = % -
- | g8 & =] E O Pocket Penetrometer é a 2|8
52k = | 3| x| O Torvane s [3]2]2
[a) n | ) = a 05 1 1.5 2 o Jla|la
0 Pavement: 6.5" PCC o1 |19 42
Fill: stiff to hard, dark gray and light gray 21 e
Sandy Fat Clay (CH), with calcareous
nodules and ferrous stains 19 | 99 @ (,{
-with sand pockets 0'-2'
-light gray and tan 2'-4', with wood pieces 2'- 51 114137
5 A 8’ 15 =
-gray and tan, with sand partings 4'-6'
54
17
Very stiff, gray and tan Lean Clay w/Sand E 34 |12 22
(CL), with ferrous stains 17 (112 ®
- 10 \
84
20
15 w
-borehole caved in at 15.3' T
V Very stiff to hard, tan and light gray Fat Clay
(CH), with ferrous stains 58 [18] 40
22 7?7
- 20 ¥
21 | 104 &
[ 2 Termination depth = 25 feet.
- 30 .
- 35 .
BORING DRILLED TO 25 FEET WITHOUT DRILLING FLUID
WATER ENCOUNTERED AT 20.3 FEET WHILE DRILLING =£
WATER LEVEL AT 15.3 FEET AFTER 15 MIN. =
DRILLED BY V&S CHECKED BY CHL LOGGED BY BOB METZGER

PROJECT NO. G169-09 PLATE A-6



PROJECT: Harvey Wilson Drive Reconstruction

DATE 8/25/09

TYPE 4" Dry Auger

s

ENGINEERING CORP.

GEOTECHNICAL ENGINEERS

BORING

B-5

LOCATION See Boring Location Plan

S
DESCRIPTION E SHEAR STRENGTH, TSF
o . | <
< = [ S w
& z 5 | 3] Z |2 confined i g
w Ui P S o onfined Compression & E
= = % W & ® Unconfined Compression | = % -
- | g8 & =] E O Pocket Penetrometer é a 2|8
52k = | 3| x| O Torvane s [3]2]2
[a) n | ) = a 05 1 1.5 2 o Jla|la
0 Pavement: 1" AC and 6" PCC i
Fill: stiff to very stiff, dark gray Sandy Lean 16 | 107 G 3911227
Clay (CL), with slickensides, sand partings 56 | 21 114l 7
and ferrous stains 17 e
Fill: stiff, gray Sandy Silty Clay (CL-ML), with
sand seams ]
> Fill: very soft to firm, gray Sandy Lean Clay 27 | 91 IS
(CL), with sand pockets and roots 4'-6' 39 [12] 27
24 4{
-gray and tan 8'-15', with sand pockets 8'-10'
31 | 84 +
- 10 .
30 4£
15 A 4
7 Stiff to very stiff, reddish brown and light u 67 |20| 47
gray Fat Clay (CH), with slickensides 29
- 20 -with calcareous nodules 18'-20'
¥
-tan and light gray 23'-25' L |
22 | 102 1 —
[ 2 Termination depth = 25 feet.
- 30 .
- 35 .
BORING DRILLED TO 25 FEET WITHOUT DRILLING FLUID
WATER ENCOUNTERED AT 21 FEET WHILE DRILLING =£
WATER LEVEL AT 15.3 FEET AFTER 15 MIN. z
DRILLED BY V&S CHECKED BY CHL LOGGED BY BOB METZGER

PLATE A-7

PROJECT NO. G169-09
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PROJECT: Harvey Wilson Drive Reconstruction ENGINEERING corp. BORING B-6
GEOTECHNICAL ENGINEERSI
DATE 8/25/09 TYPE 4" Dry Auger / Wet Rotary LOCATION See Boring Location Plan
8
DESCRIPTION E SHEAR STRENGTH, TSF
) - <
K T = O w
m z s | 3| 5| 2 confinedc i 2
i 0 * S| > onfined Compression ek
= = % W & ® Unconfined Compression | = % -
- | g8 & =] E O Pocket Penetrometer é a 2|8
52k = | 3| x| O Torvane s [3]2]2
[a) n | ) = a 05 1 1.5 2 o Jla|la
0 Pavement: 6.5" PCC 60 |19 41
Very stiff, gray and tan Fat Clay (CH), with 18 ;
silt seams and partings
-with calcareous nodules 2'-4' 20 | 106 o
Firm to very stiff, tan and gray Sandy Lean gy 31 12|19
5 Clay (CL), with sand seams 4'-6', and 16
ferrous stains
-tan and light gray 6'-15', with silt partings 6'- 17 | 110 4 70
8 4
A4 15 &
L 10 A \
34 (13|21
15 | 113 L
[ Silty Sand (SM) \
Very stiff, reddish brown Fat Clay (CH), with [ 5, 37 57
L 5o sand seams
-sand layer 19.5'-20'
-tan and light gray, with sand pockets 23'-25! il 55 (15] 40
21 @
L 25 4 —
Termination depth = 25 feet.
L 30 .
L 35 .
BORING DRILLED TO 20 FEET WITHOUT DRILLING FLUID
WATER ENCOUNTERED AT 9 FEET WHILE DRILLING £
WATER LEVEL AT 8 FEET AFTER 15 MIN. z
DRILLED BY V&S CHECKED BY CHL LOGGED BY BOB METZGER
PLATE A-8




PROJECT: Harvey Wilson Drive Reconstruction

DATE 8/25/09

TYPE 4" Dry Auger / Wet Rotary

s

ENGINEERING corp. BORING

GEOTECHNICAL ENGINEERS

B-7

LOCATION See Boring Location Plan

8
DESCRIPTION E SHEAR STRENGTH, TSF
) - <
< = = O W
b & = 12| 2|2 confined i 9
w Ui P S o onfined Compression & E
= = % W & ® Unconfined Compression | = % z
- | g8 & =] E O Pocket Penetrometer é a 2|8
52k = | 3| x| O Torvane s [3]2]2
[a) n | ) = a 05 1 1.5 2 o Jlala
0 Pavement: 7" PCC
Fill: stiff, gray and tan Sandy Lean Clay 15 C 30112) 18
(CL), with sand pockets 73
Stiff to very stiff, gray and tan Lean Clay w/ 15 | 114 @C
Sand (CL), with sand pockets 2'-4'
5 | -with calcareous and ferrous nodules 4'-6 16 | 112 g
Firm, gray Silty Clay w/Sand (CL-ML) ® &
Stiff to very stiff, light gray and tan Lean Cla) 21 29 (12)17
w/Sand (CL), with silt partings and ferrous
nodules 8'-10' 22 | 106 7
L 10 .
¥
-with silt pockets 13'-15' | 78 | 27 1131 14
23 T
[ Medium dense, light gray Silty Sand (SM)
29 23 26
- 20
Stiff to very stiff, light gray and tan Fat Clay \
(CH), with slickensides \
24 | 101 ® J D)
[ 2 Termination depth = 25 feet.
L 30 .
L 35 .
BORING DRILLED TO 20 FEET WITHOUT DRILLING FLUID
WATER ENCOUNTERED AT 11 FEET WHILE DRILLING =£
WATER LEVEL AT 7.5 FEET AFTER 15 MIN. z
DRILLED BY V&S CHECKED BY CHL LOGGED BY BOB METZGER

PLATE A-9
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PROJECT: Harvey Wilson Drive Reconstruction

DATE 8/25/09

TYPE 4" Dry Auger / Wet Rotary

s

ENGINEERING corp. BORING

GEOTECHNICAL ENGINEERS

B-8

LOCATION See Boring Location Plan

PROJECT NO.

G169-09

<
DESCRIPTION E SHEAR STRENGTH, TSF
o . | <
< = = O W
m x = | 8] 2| A confined i 2
w Ui P S o onfined Compression & E
= = % W & ® Unconfined Compression | = % -
- | g8 & =] E O Pocket Penetrometer é a 2|8
52k = | 3| x| O Torvane s [3]2]2
[a) n | ) = a 05 1 1.5 2 o Jla|la
0 Pavement: 1.4" ACC and 7.1" PCC
Stiff to very stiff, gray and tan Sandy Lean 19 | 107 37 12|25
Clay (CL), with ferrous stains X 50
16
29 |12] 17
5 15 | 112 o
Medium dense, tan and gray Clayey Sand N 42
(SC), with sand pockets 6'-8' ¥ 17 T
¥
19 16 34 |12] 22
L 10 - Stiff to very stiff, light gray and tan Sandy
Lean Clay (CL), with sand pockets
22 | 103 [
Rl Stiff to very stiff, reddish brown and light
gray Fat Clay (CH), with slickensides
-with calcareous nodules, siltstone N 60 |19 21
fragments and silt pockets 18'-20' 24 73
- 20 .
-light gray and tan, with ferrous stains 23'-
o5 24 | 100 & C
[ 2 Termination depth = 25 feet.
- 30 .
- 35 .
BORING DRILLED TO 10 FEET WITHOUT DRILLING FLUID
WATER ENCOUNTERED AT 8 FEET WHILE DRILLING £
WATER LEVEL AT 7.2 FEET AFTER 15 MIN. z
DRILLED BY V&S CHECKED BY CHL LOGGED BY BOB METZGER
PLATE A-10




PROJECT: Harvey Wilson Drive Reconstruction

DATE 8/26/09

TYPE 4" Dry Auger / Wet Rotary

s

ENGINEERING corp. BORING
GEOTECHNICAL ENGINEERS

B-9

LOCATION See Boring Location Plan

<
DESCRIPTION E SHEAR STRENGTH, TSF
) - <
< = = O W
m x = | 8] 2| A confined i 2
w Ui P S o onfined Compression & E
= = % W & ® Unconfined Compression | = % -
- | g8 & =] E O Pocket Penetrometer é a 2|8
52k = | 3| x| O Torvane s [3]2]2
[a) n | ) = a 05 1 1.5 2 o Jla|la
0 Pavement: 7" PCC
Fill: very stiff, gray and tan Sandy Fat Clay 24 | 104
7 (CH), with ferrous stains 57 [17] 40
Stiff to very stiff, gray and tan Sandy Fat 22 C
Clay (CH), with ferrous stains and
calcareous nodules
5 18 | 109 9
Firm to stiff, tan and light gray Lean Clay w/ 75 | 29 |14] 15
Sand (CL), with ferrous stains and silt 15
partings i
-with sand/silt lenses 6'-8' 17 | 110 QO
L 10 ¥ I
38 |13] 25
18
- 15 .
¥ \
| 83 [ 28 |18[10
22 C
[ 20 Very stiff, light gray and tan Fat Clay (CH),
with slickensides
21 | 104 _En®
[ 2 Termination depth = 25 feet.
- 30 .
- 35 .
BORING DRILLED TO 20 FEET WITHOUT DRILLING FLUID
WATER ENCOUNTERED AT 16.5 FEET WHILE DRILLING =£
WATER LEVEL AT 9.9 FEET AFTER 15 MIN. z
DRILLED BY V&S CHECKED BY CHL LOGGED BY BOB METZGER
PLATE A-11

PROJECT NO. G169-09



PROJECT: Harvey Wilson Drive Reconstruction

s

ENGINEERING CORP.
GEOTECHNICAL ENGINEERS

BORING

B-10

DATE 8/25/09 TYPE 4" Dry Auger / Wet Rotary LOCATION See Boring Location Plan
S
DESCRIPTION E SHEAR STRENGTH, TSF
) - <
< T = Q w
E x 5 § - | & Confined Compression | 2
= = % W E ® Unconfined Compression T % % -
T o= & 2 | @ | O PocketPenetrometer é a 2|8
5122 = | 3| x| O Torvane E 22
[a) [0 (%] ] = [a 0.5 1 1.5 2 b Jla]la
0 Pavement: 1.3" AC and 7.7" PCC
Fill: firm to stiff, light gray and tan Lean Clay 22 1 80
w/Sand (CL), with silt seams
-with sand seams and pockets 0'-2' 18 C{ 82 12)20
5 Firm to very stiff, light gray and tan Sandy 17 16 4511|134
Lean Clay (CL), with ferrous stains L 2
-with sand seams 4'-6' ]
16 | 111 @ C
4 17 ﬁj 30 [12] 18
L 10 A /
56
17 | 112 g Qj
[ Dense, light gray and tan Silty Sand (SM)
35 19 42
- 20
Very stiff to hard, light gray and reddish tan
Fat Clay (CH), with ferrous stains
37 b
25 -
-with sand partings 28'-30' 2%05 54 [15] 39
18 | 112 >
[ ¥ Termination depth = 30 feet.
- 35 .
BORING DRILLED TO 20 FEET WITHOUT DRILLING FLUID
WATER ENCOUNTERED AT 9 FEET WHILE DRILLING £
WATER LEVELAT 6 FEET AFTER 15 MIN. z
DRILLED BY V&S CHECKED BY CHL LOGGED BY BOB METZGER
PROJECTNO.  G169-09 PLATE A-12




PROJECT: Harvey Wilson Drive Reconstruction

DATE 8/26/09

TYPE 4" Dry Auger / Wet Rotary

s

ENGINEERING corp. BORING

GEOTECHNICAL ENGINEERS

B-11

LOCATION See Boring Location Plan

PROJECT NO.

G169-09

8
DESCRIPTION E SHEAR STRENGTH, TSF
) - <
< = [ S w
& z 5 | 3] Z |2 confined i g
w Ui P S o onfined Compression & E
= = % W & ® Unconfined Compression | = % -
- | g8 & =] E O Pocket Penetrometer é a 2|8
52k = | 3| x| O Torvane s [3]2]2
[a) n | ) = a 05 1 1.5 2 o Jla|la
0 Pavement: 0.85" AC and 5.65" PCC IL
Fill: stiff, gray and tan Sandy Lean Clay 16 | 106 1
(CL), with sand pockets
Soft to very stiff, gray and tan Lean Clay w/ 19 N s e
Sand (CL), with ferrous stains
-with sand seams and pockets 2'-4' n
5 -with silt pockets 4'-6' 23 [ 99 4®
-with silt partings 6'-8' 37 |12] 25
23
-with silt pockets 8'-10'
20 | 106 QE
- 10 .
\ 75 | 40 |13] 27
18 | 109 ®
L 15 A \
Medium dense, light gray Silty Sand (SM)
29 22 \
[ Very stiff, light gray and tan Sandy Fat Clay
(CH), with ferrous stains and clay pockets \
\ 54 [15] 39
19 C
L 25 4 —
Termination depth = 25 feet.
- 30 .
- 35 .
BORING DRILLED TO 20 FEET WITHOUT DRILLING FLUID
WATER ENCOUNTERED AT 115 FEET WHILE DRILLING =£
WATER LEVEL AT 8.75 FEET AFTER 15 MIN. z
DRILLED BY V&S CHECKED BY CHL LOGGED BY BOB METZGER
PLATE A-13




PROJECT: Harvey Wilson Drive Reconstruction

DATE 8/26/09

TYPE 4" Dry Auger / Wet Rotary

s

ENGINEERING corp. BORING

GEOTECHNICAL ENGINEERS

B-12

LOCATION See Boring Location Plan

PROJECT NO. G169-09

8
DESCRIPTION E SHEAR STRENGTH, TSF
o . | <
< = [ S w
m x = | 8] 2| A confined i 2
w Ui P S o onfined Compression & E
= = % W E ® Unconfined Compression | = % -
- | g8 & 2 | @ | O PocketPenetrometer é a 2|8
52k = | 3| x| O Torvane s [3]2]2
[a) n | ) = a 05 1 1.5 2 o Jla|la
0 Pavement: 8" PCC
Fill: stiff, gray and tan Fat Clay w/Sand (CH), 19 ™ 81 | 51|13|38
with ferrous stains
-with calcareous nodules and siltstone 21 | 98 &}\
fragements 0'-2' N
-with sand seams 2'-4' | 48 |12] 36
5 1 Firm to very stiff, gray and tan Lean Clay w/ 22 ®
Sand (CL), with ferrous stains
-with siltstone fragments 6'-8 17 |11 c )
82 128 |15(13
17
L 10 A A 4
¥
-with sand seams 13'-15'
17 | 110 L &
- 15 .
Loose to medium dense, light gray Silty
Sand (SM)
-with fat clay layers 20'-23 4 20 40
- 20
24 24
- 25 —
Termination depth = 25 feet.
- 30 .
- 35 .
BORING DRILLED TO 20 FEET WITHOUT DRILLING FLUID
WATER ENCOUNTERED AT 12.6 FEET WHILE DRILLING =£
WATER LEVEL AT 9.9 FEET AFTER 15 MIN. z
DRILLED BY V&S CHECKED BY CHL LOGGED BY BOB METZGER
PLATE A-14




PROJECT: Harvey Wilson Drive Reconstruction

DATE 8/26/09

s

ENGINEERING corp. BORING

TYPE 4" Dry Auger / Wet Rotary

GEOTECHNICAL ENGINEERS

LOCATION See Boring Location Plan

B-13

PROJECT NO. G169-09

8
DESCRIPTION E SHEAR STRENGTH, TSF
E & ” 5 > | & Confined Compression =l =
= = % W & ® Unconfined Compression T % % -
- | g8 & =] E O Pocket Penetrometer é a 2|8
52k = | 3| x| O Torvane s [3]2]2
[a) n | n = &) 05 1 1.5 2 o Jlala
0 Pavement: 7" PCC /u
Fill: soft to stiff, gray and tan Sandy Lean 25 | 97 b 37 |12|25
Clay (CL), with ferrous stains 3]l 3
-with roots and sand seams 2'-4' 30 w 43 (1231
Very loose to loose, tan Silty Sand (SM)
5 -with clay partings 4'-6' 20 | 103 I
4 20 37
A4
T 9 20
[ 10 -boring caved in at 10'
Very soft, tan Sandy Lean Clay (CL), with silt )
partings 2 22 \ 57 24 (11113
L 15 . -
-gray and tan 18'-19' 38 12| 26
|, Light gray and tan Silty Sand (SM) 22 T 15
Very stiff to hard, light gray and tan Sandy
Fat Clay (CH)
16 | 113 o O
[ 2 Termination depth = 25 feet.
L 30 .
L 35 .
BORING DRILLED TO 20 FEET WITHOUT DRILLING FLUID
WATER ENCOUNTERED AT 9 FEET WHILE DRILLING £
WATER LEVEL AT N/A FEET AFTER N/A z
DRILLED BY V&S CHECKED BY CHL LOGGED BY BOB METZGER
PLATE A-15




PROJECT: Harvey Wilson Drive Reconstruction

DATE 8/26/09

TYPE 4" Dry Auger / Wet Rotary

s

ENGINEERING corp. BORING

GEOTECHNICAL ENGINEERS

LOCATION See Boring Location Plan

B-14

PROJECT NO.

G169-09

<
DESCRIPTION E SHEAR STRENGTH, TSF
o . | <
< = [ S w
& z 5 | 3] Z |2 confined i g
w Ui P S o onfined Compression & E
= = % W E ® Unconfined Compression | = % z
- | g8 & 2 | @ | O PocketPenetrometer é a 2|8
52k = | 3| x| O Torvane s [3]2]2
[a) n | ) = a 05 1 1.5 2 o Jla|la
0 Pavement: 8" PCC u{l\
Very stiff, tan and gray Fat Clay (CH), with 20 | 108 g 51|13 38
calcareous nodules and ferrous stains
Stiff to very stiff, tan and gray Sandy Lean 21 {
Clay (CL), with slickensides, calcareous
nodules, ferrous stains and siltstone L | 36 |14] 22
5 fragments 21 | 108 L @
22 @
-with sand seams 8'-10' / 29 (13 16
L 2 19 | 104 '7%
- 10 .
Medium dense, tan and gray Silty Sand
(SM)
11 22
- 15
-with clayey sand pockets 18'-20 ” 26 32
- 20
Hard, light gray and tan Lean Clay w/Sand M| [ | 85 31]11]20
(CL), with calcareous nodules, ferrous 20 T
- 25 A stains, siltstone fragments and sand pockets
Termination depth = 25 feet.
- 30 .
- 35 .
BORING DRILLED TO 15 FEET WITHOUT DRILLING FLUID
WATER ENCOUNTERED AT 11 FEET WHILE DRILLING =£
WATER LEVEL AT 9.3 FEET AFTER 15 MIN. =
DRILLED BY V&S CHECKED BY CHL LOGGED BY BOB METZGER
PLATE A-16




Synbol

Description

Strata synbol s

7

Soi |

Pavi ng

Hi gh plasticity
clay

Cl ayey sand
Fill
Low plasticity

cl ay

Silty sand

Silty low plasticity

cl ay

Description not given for:

cC

Sanpl ers

il
_

Rock/ pavenent core

Shel by Tube sanpl er

Synbol

X

KEY TO SYMBOLS

Description

St andard penetration test

M sc Synbol s

“\_

G oundwat er encount er ed

during drilling

G oundwat er neasured after

drilling

Shear strength;
penet romet er

Shear strength;
conpr essi on

Shear strength;
conpr essi on

pocket

unconfi ned

confi ned

PLATE A-17




— J CLASSIFICATION OF SOILS FOR ENGINEERING PURPOSES

L 1 ASTM Designation D-2487
ENGINEERING CORP.
GROUP
MAJOR DIVISIONS SYMEOL TYPICAL NAMES
o E‘ W Wall-gradad graval,
g CLEAN GRAVELS well-graded graval with sand
§ 2 (Less than 5% passes
— @w's g Na. 200 sieve} GP Poorly-graded gravel, _
% g = ﬁ paarly-graded gravel with sand
= =] &
n2 gCe Limits plot below "A" line & y | Sity gravel
o] G SE | GRAVELSWITHFINES | hatched zons on plasticity chart | @ silty gravel with sand
v g a £ (More than 12% passes
a % ﬁ g No. 200 sieve) Limits plot above "A" line & ao Clayey gravel,
= g =2 hatched zone on plasticity chart clayey gravel with sand
é &
G 3 o T sy | Welkgraded sand,
o § £ 2 CLEAN SANDS well-graded sand with gravel
EE < 8 ': (Less than 5% passes No. 200 sieve) op Poorly-graded sand,
8 E b4 "g % poorly-graded sand with gravel
=z
4 % E % Limits plot below "A" line & SM Silty sand,
=~ 58 SANDS WITH FINES hatched zone on plasticity chart silty sand with gravel
£ 5 (Mare than 12% passes
25 No. 200 sieve) Limits plot abave "A" line & sc Clayey sand,
~ £ hatchad zens on plasticity chart clayey sand with graval
ML Silt, silt with sand, silt with gravel, sandy silt,
‘é‘ gravelly silt
Qo
o SILTS AND CLAYS cL Lean clay, lean clay with sand, lean clay with
":.9 § (Liquid Limit Less Than 50%) gravel, sandy lean clay, gravelly lean clay
O
g 2 oL Orgar!ic clay, orgar'!ic c?Iay with sand, s*:amr‘ly
m g organic: clay, organic silt, sandy organic silt
5 s MH Elastic silt, elastic silt with sand, sandy
O o elastic silt, gravelly elastic silt
ua
E E SILTS AND CLAYS CH Fat clay, fat clay with sand, fat clay with
;; (Liguld Limit 50% or More) graval, sandy fat clay, gravelly fat clay
3, OH Organic clay, organic clay with sand, sandy

organic clay, erganic silt, sandy organic silt

NOTE: Coarse soils between 5% and 12% passing the No. 200 sieve and fine-grained so
of the plasticity chart are to have dual symbols.

ils with limits pletting in the hatched zone

PLASTICITY CHART

=]

o I
= < 2
g B B p
% Q& /( S
Qg s
= xR

=]

c ®
G o |coL-ML o MH or OH
E & of
%’ / o
g ¢
ML or OL
o |

0 10 20 30 40 50 &0 70 80 S0 100 110
LIQUID LIMIT {LL}

Equation of A-Line: Horizontal at Pl=4 to LL=25.5, then P1=0.73(LL-20)
Equation of U-Line: Vertical at LL="16 to PI=7, then PI=0.9{LL-8)

DEGREE OF PLASTICITY OF COHESIVE SOILS
Degree of Plasticity Plasticity Index

i 1+ ¢ - S OTOPRO § E: |

Slight ........ ..9-10
Medium ..... e 11-20
High .......... e 21-40
Voary High....ccccocoeic e 240

SOIL SYMBOLS

@ Fill
Sand

z Clay (CH)
z Clay (CGL}

PLATE A-18




-A-“LE-§ TERMS USED ON BORING LOGS
e B el

ENGINEERING CORP.

S0IL GRAIN SIZE
U.S. STANDARD SIEVE

8" 3" 314" ¥4 #10 #40 #200
GRAVEL SAND
BOULDERS | COBBLES SILT CLAY
COARSE FINE COARSE MEDIUM FINE
152 76.2 18.1 4.76 2.00 0.42¢ 0.074 0.002

SOIL GRAIN SIZE IN MILLIMETERS

STRENGTH OF COHESIVE SOILS RELATIVE DENSITY OF GOHESIONLESS

Undrained SOILS FROM STANDARD PENETRATION TEST

Consistency Shear Strength,

Kips per Sq. ft.
Very Soft .. [BSS than 0025
So;ty 0.2510 0.50 VOIY LOOSE oo e <4 DT
Firm e v, 0,50 10 1.00 "
Stiff ... e 1.00 10 2.00
Very Stiff ... 2.001t0 4.00
Hard .....cccee i v greater than 4.00 VETY DENSE wo e >50 bpt

SPLIT-BARREL SAMPLER DRIVING RECORD

Blows per Foot Description
25 e e s, 200 DIOWeS driving samipler 12 inches, after initial 6 inches of seating.
50/F" ... ..... 50 blows driving sampler 7 inches, after initial 8 inches of seating.

Reff3" ... ee et e enn.. 50 blows driving sampler 3 inches, during initial B-inches seating interval.

NOTE: Te aveid change to sampling teols, driving is limited te 50 blows during or after seating intarval.

DRY STRENGTH  ASTM D2488 MOISTURE CONDITION  ASTM DZ2488
None Dry specimen crumbles into powder with mere pressure of handling Dry  Absence of moisture, dusty, dry to the touch
Low Dry specimen crumbles into powder with some finger pressure Moist Damp but no visible water
Madium Dry specimen breaks into piecas or crumbles with considerable prassure Wset Visible free water
High Dry specimen cannot be broken with finger pressure, it can be

broken between thumb and hard surface
Very High Dry specimen cannit be broken between thumb and hard surface

SOIL STRUCTURE

Slickensided  Having planes of weakness that appear slick and glossy. The degree of slickensidedness depends upon
the spacing of slickensides and the easiness of breaking along these planes.

Fissured Containing shrinkage or relief cracks, often filled with fine sand or silt; usually more or less vertical.
Pockat Inclusion of material of different texture that is smaller than the diamater of the sampla.

Parting Inclusion less than 1/8 inch thick extending through the sample.

Seam Inelusion 1/8 inch to 3 inches thick extending through the sample.

Layer Inclusion greater than 3 inches thick extending through the sample.

Laminated Soil sampla composed of alternating partings or seams of diffarent soil typss.

Interayered Soil sample compesed of alternating layers of different soil types.
Intermixed Soil sample composed of pockels of different soil types and layered or laminated structure is not evident.
Calcareous Having appreciable quantities of calcium material.

PLATE A-19




LES

AVI
I e | e

ASTM AND TxDO TDESIGNATIONS FOR LABO RATO RY SOIL TESTS
TEST ASTM DESIGNATION TxDO TDESIGNATION
Sieve Analysis D 421 Tex-110-E
D422 (Part I)
Hydrometer Analysis D422 Tex-110-E
(Part II)

Shrinkage Limit D 427 Tex-107-E
Standard Proctor Compaction D 698 Tex-114-E
Specific Gravity D 854 Tex-108-E
Minus No. 200 Sieve D 1140 Tex-111-E
Moisture Content D 2216 Tex-103-E
Modified Proctor Compaction D 1557 Tex-113-E
California Bearing Ratio (CBR) D 1883 -
Unconfined Compression D 2166 -
Permeability (constant head) D 2434 -
Consolidation D 2435 -
Unified Classification System D 2487 Tex-142-E
Triaxial - Unconsolidated Undrained D 2850 Tex-118-E
Direct Shear D 3080 -

Liquid Limit D 4318 Tex-14-E
Plagic Limit D 4318 Tex-105-E
CBR of Soils In Place D 4429 -

Crumb Army Co1ps of Engineers Eng. Manual E1110-2-1906
Pinhole D 4647 -
Triaxial - Consolidated Undrained D 4767 Tex-131-E

Note: Consolidated-Undrained Triaxial teat is performed under three confining/effective stresses using a angle sped.men.

PLATE A-20



ENGINEERING CORP.

APPENDIX B

Plates B-1 and B-2 Piezometer Installation Details

Plates B-3 to B-5 Generalized Soil Profiles
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DEPTH FROM SURFACE:

DATE
MEASURED:

4" DIA. BOREHOLE
BENTONITE CHIPS

~=—— FILTER SAND

=1

2" 0.D. SCHEDULE 40 PVC CASING

2" O0.D. SCHEDULE 40 PVC CASING
0.010" SLOT SCREEN

(%@ THREADED PVC CAP

AVILES ENGINEERING CORPORATION

9.7 fi.
9.6t

8/28/09 (24 hr.)
9/28/09 (30 day)

PIEZOMETER INSTALLATION DETAILS

BORING B-2 (PZ-1)

HARVEY WILSON DRIVE RECONSTRUCTION

WBS No. N-000733-0002-3

HOUSTON, TEXAS

AEC PROJECT NO.

G169-09

DATE.

10-19-09

SOURCE DWG. BY:
AVILES ENGINEERING CORP,

SCALE"

N.T.S.

DRAWN BY:
BpJ

PLATE NO

PLATE B-1
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DEPTH FROM SURFACE:
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MEASURED:

5.11t.
5.0f.

8/28/09 (24 hr.)
9/28/09 (30 day)

AVILES ENGINEERING CORPORATION

PIEZOMETER INSTALLATION DETAILS
BORING B-10 (PZ-2)

HARVEY WILSON DRIVE RECONSTRUCTION
WBS No. N-000733-0002-3
HOUSTON, TEXAS

AEC PROJECT NO. DATE SOURCE DWG. BY:

G169-09 10-19-09 AVILES ENGINEERING CORP.

SCALE" DRAWN BY: PLATE NO.

N.T.S. BpJ PLATE B-2




ELEVATION IN FEET

Wesr

0+00 2+00 4+00 6+00 8+00 10+00 12+00 14+00 16+00 18+00 20+00 22+00 24400 26+00
T M B T I R T R B | AR R N I N NN T SO AN RO S N I T T AR R N Y RN HNNN T NN AN N S TR N AN T N N B IR R N NN RO T B
1 * ] LI N B B B | L B L L L L L T 4 L I B B L LI R
LOCKWOOD DR. PLASTICS AVE.
35 35 —
B EXIST. ¢ .
n B-2 (PZ—1) _
t 1.47 B-3
- Pavement: 1.§' ACC and 71" avement: 6.75" b
ACC and 8.9 cC cC B-6
—30 /jecc FFlsue, ) Very st tan B4 T ~ prer L 30 —
L V Very stiff, dark gray Fat and light gray vement: 6.5 cC _
/ dark gray th Clay (CH), with Lean Clay w/ cc Very stiff,
L / Clay (CH), with Sand (CL), with Fill:_stiff to gray and tan _
/ 3" sand layer errous_stains hard, dark gray Fat Clay (CH),
- lat surface, and Stiff to hard, and light gray / with silt seams —
Stiff to very dark gray Sandy Sandy Fat Clay '/l and partings
~ Tan and light stiff, gray and Lean Clay (CL), (CH), with —with T
s / | grayClayey / _ton Sandy Leen / | with ferous KXY cacareous / | \calcareous 25 |
/ Sand (SC), with / Clay (CL), with / stains nodules and /
L / calcareous and roots 2'-6’, —gray and tan ferrous stains Firm to very -
/ ferrous nodules and ferrous 4-6 —with sand stiff, tan and
| stains —light gray and pockets 0'—2' gray Sandy Lean m
/ —light gray and tan 6°-15, ~light gray and Clay (CL), with
- = tan 4'-10', with sand = tan 2'-4’, with s 4 sand seams 4'— Hm
- ¥ wit: Icuchr-J,rc-J(r;,us pockets 6'—8 g’ood pieces 2'— R 6', and ferrous E
B nodules 4'— 2 R .
A _ / —with sand ¥ / S and light 5
—20- o 7* Stiff to very -~ - -~ -~ - - oo / “pockets 6’8" -~~~ -~~~ = /’ gray 615, | o 20 — =
v / stiff, reddish with silt 3
- ?/ brown and light Very stiff, partings &'—8' Tm
B / g(r)aHy Fa‘tthCIuy X7 —with sand gray and tan AR
/ (I' |2 w!d ¥7 Medium dense, = pockets 13'—15° Lean Clay w/
L / slickensides, - % tan and light Sand (CL), with |
gray Clayey ferrous stains
L / n.<|>tdtiles. and % Sand (SC), with - |
| 5 /| Shstone / ~abundant B Yery siff, / 77777777777777777777777777777777777777777777777777777777777 15 —|
'/ fragments / ferrous stains / light "gray "and / Silty Sand (SM)
I~ Dense, tan and red Lean Clay % —borehole caved -
] ght aray (CL), with sit in at 15.3
= / Clayey Sand - partings ]
B % (SC), with sand ﬁ;:{ ;fq"y and // Very stiff to _
U/ Nery st Sandy Lean Clay “ - / ot oray Fat Very stiff,
B . ’ CL), with silt Hard, light gnt gray Fai . _]
light gray and (cL) / cl CH th reddish brown
M / partings and gray and tan / ay (CH), w /
—10- -~~~ -~~~ == === = I brown Fat-Clay - - - - - - - - - - - - -~~~ 4 " -~ - A A My I /| ferrous-stasins -~~~ —— - — | | Fat Clay (CH), 7777777777777 q1-——— "= == - =~ 10 —
i \ferrous stains Fat Clay (CH), ‘
(CH), with V. - ith cal Rvi with sand seams
- / calcareous Very stiff, tan / with calcareous ?/ —sand layer _
/ nodules / and light gray / nodules and / / 19.5'—20’
= / / Fat Clay (CH), / ferrous stains / / B
/ / with / / /
~ A —A\ slickensides / / / —tan and light T
— inati Vi .
- Termination Z:;Tr:":t"’zfg Termination / g;tl )l:'e :lsltz;'igg d5 ' i
5 depth = 25 feet. depth = 25 4 '/ 5
> feet.” -~~~ T T T feet. 4 Termination | ]
B Termination depth = 25 —
depth = 25 feet.
- feet. |
_0 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 0 p—
LEGEND
—_— T Sity low plastisty 5 0GP of groundveter AVILES ENGINEERING CORPORATION
Al clay = during drilling
-  Deoth of dwat GENERALIZED SOIL PROFILE
: ; e of groundwater
Fil Silty sand = after approx, 15 minutes HARVEY WILSON DRIVE RECONSTRUCTION
WBS No. N-000733-0002-3
4 High plasticity y/ Clayey sand XY Depth of groundwater HOUSTON, TEXAS
/] clay % = after approx. 24 hours NOTE: — —
_ . o URCE DRAWING PROVIDED BY:
SOIL STRATIGRAPHY AND SECONDARY SOIL STRUCTURE (SUCH AS SEAMS, LAYERS, 0R | ™™ &lg0.09 10-20-09 AVILES ENGINEERING CORP
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ENGINEERING CORP.

RECOMMENDED TYPICAL GEOTECHNICAL SOIL PARAMETERS

AEC G169-09

Soil Type v v’ E’N Short-Term Long-Term
(ef) | (e | P oo (@ (deg)] Ko | Ko | K, | C(psh) |® (deg)| K Ko | K,
Fill: lifﬁgjbﬂized 115 | 55 | 2000 | 3000 | 0 100 | 1.00 | 1.00 | 50 30 | 0333 | 050 | 3.00
Fill: firm CH/CL | 115 | 55 | 200 | 500 0 100 | 1.00 | 1.00 | 40 16 | 057 | 072 | 176

Fill
! Fill: stiff CH/CL 120 | 60 | 400 | 1000 | 0 100 | 1.00 | 1.00 | 80 16 | 057 | 072 | 176
Fill: very stiff CH/CL | 125 | 65 | 900 | 1500 | 0 100 | 1.00 | 1.00 | 100 16 | 057 | 072 | 176
Fill: ML/SM/SC/SP | 115 | 55 | 300 0 26 | 039 | 056 | 2.56 0 26 | 039 | 056 | 2.56
Soft CH/CL 115 | 55 | 100 | 250 0 100 | 1.00 | 1.00 0 12 | 066 | 079 | 1.53
Firm CH/CL 118 | 58 | 300 | 500 0 100 | 1.00 | 1.00 | 50 14 | 061 | 076 | 164
Stiff CH/CL 122 | 62 | 600 | 1000 | 0 100 | 1.00 | 1.00 | 150 16 | 057 | 072 | 176
Very stiff CH/CL | 125 | 65 | 1000 | 2000 | 0 100 | 1.00 | 1.00 | 200 18 | 053 | 069 | 1.89
Hard CH/CL 125 | 65 | 2000 | 4000 | 0 100 | 100 | 100 | 300 | 20 | 049 | 066 | 204
Natural| Loose ML/SM/SC/SP | ;15 | 55 | 300 | o 2% | 039 | 056 | 256 | 0 2% | 039 | 056 | 2.56
Soil (2<Ngpr=>7)
Loose to Med. dense
ML/SM/SC 120 | 60 | 600 0 28 | 036 | 053 | 277 0 28 | 036 | 053 | 277
(8<Ngpr>15)
Med. dense ML/SM/SC
APl 120 | 60 | 1000 | 0 322 | 031 | 047 | 325 0 32 | 031 | 047 | 325
Dense ML/SMISC | 195 | 60 | 2000 | 0 34 | 028 | 044 | 353 0 34 | 028 | 044 | 353
(31<Ngpr)
Notes: (1) CH = fat clay; CL = lean clay; ML = silt; SM = silty sand; SC = clayey sand; SP = poorly-graded sand.

(2) Y = unit weight for soil above water level; y’ = buoyant unit weight for soil below water level; y,, = 62.4 pct shall be used to compute hydrostatic pressure below water table.
(3) E’n=modulus of soil reaction (stiffness) for initial flexible conduit deflection; C = cohesion; ® = angle of internal friction.
(4) K, = coefficient of active earth pressure; K, = coefficient of at-rest earth pressure; K;, = coefficient of passive earth pressure; level backfill.
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AEC Project No. G169-09

OSHA SOIL CLASSIFICATION FOR EXCAVATION, TRENCHING AND SHORING

BORING NO. DEPTH, FEET
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L}
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OSHA Soil Types Definitions:

A Clays with qu=1.5 tsf or greater. No fissures or secondary structures, not subject to vibration,
not been or will not be disturbed, not submerged or not have seeping water.

B  Clays with qu= between 0.5 and 1.5 tsf or clays with minor degree of slickensides or
inclusion of granular material, angular gravel, silt, silt loam, dry and unstable rock,
Type A soils with the above-mentioned exceptions. Shall not be submerged.

C  Clays with qu= less than 0.5 tsf or clays with significant amount of slickensides or with
significant granular secondary granular material; or granular soils; soils which are
submerged, saturated and has seepage; soils that will be subjected to disturbance.

Notes: 1. quis the unconfined compressive strength (or two times the cohesion) of a clay soil.
2. The trenching requirements shall meet the latest OSHA specified standards.
3. Use the weakest soil classification if a weaker soil layer underlies a stronger one.
4. Braced excavations deeper than 20 feet should be designed by a Professional Engineer.

PLATE C-2
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Jacked or Tunnel Installations
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Reference: American Water Works Association, “Concrete Pressure Pipes”, AWW A Manual M9.
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ENGINEERIN® CORP.

HIGHWAY AND RAILROAD LOADS ON PIPES
UNDER VARIOUS SOIL COVER

4800 (16) e E— , . T "7
- Live Load applied on Assumed s /
= 4200 (14) Area of 900mm x 1000mm
= | (6 x40 /7
g | | /
S 3600 (12) Dead [0dd 7
g 188 kN/m’ p /
T 3000 (10) \ (120 Ib/cu ft) 7
[ ] /
S 1800 (6) / (//—Tu'afimd
N 1200 (4) /\ N e + Dead
L wa AN
* 0
24 48 72 96
(500) (1000) (1500) (2000

Unit Load, kPa (Ibf./ft 3

Combined HZ20 highway live load and dead load s a minimum at about
1500mm (5 ft.) of cover, applied through a pavement 300mm (I ft.) thick.

12 000 (40
W T T 17 1T 71T 1 1
Live Load applied through three 600mm x
o — 2400mm (2" x 8)areas on 1500mm (5 f1)—
= ceniers (Load distribution determined /
§ 9000 (30) by Bouss!nesqs[ formula) % /
&5 \ Dead LOGJ //
188 kN/m?> :
kS \ (120 1bscu frJ~7/ 4
Ioemen [ Neomon 47/
ve s

o \‘ 50% Impact / /|
N \ A/
& \ 7 (//— Total Load
; 3000 (10) >\< d Live + Dead
E "\,\
.g 1/ e \k\

0

48 96 144 192
(1000) (2000) {3000) (4000)

Unit Load, kPa (Ibf./ft?)

Railroad live load, Cooper E80, combined with dead load s a minimum
ar abour 3600mm (12 ft) Load is applied through three 600mm x 2400mm
(2x8 ft.)areas on 1500mm (5 ft.) centers.

Reference: U.S. Army Corps of Engineers, (1997), “Conduits, Culverts, and Pipes”, Engineer
Manual 1110-2-2902, Page 5-3
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Plate D-1
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Plate D-3
Plate D-4
Plate D-5
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APPENDIX D

Critical Heights of Cuts in Nonfissured Clays

Maximum Allowable Slopes

A Combination of Bracing and Open Cuts

Pressure Envelope for Braced Cuts in Soft to Medium Clays
Pressure Envelope for Braced Cuts in Stiff to Hard Clays
Pressure Envelope for Braced Cuts in Sands

Bottom Stability for Braced Excavation in Clay

Buoyant Uplift Resistance for Buried Structures

Influence Zone of Tunneling or Boring

Thrust Force Calculation

Thrust Force Example Calculation
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ENGINEERING CORP.
Theoretical Critical Heights of Cuts in Medium to Stiff (Non-fissured) Clays

50 i - va

45 ’

40

35
« 30
[}
o
5
z
.-5, 25
7}
T
©
2
O 20

15

10

5
Reference: Foundation Engineering, Peck, Hanson & Thornburn, 2nd Edition.
0 " " " " " "
0 250 500 750 1000 1250 1500 1750 2000 2250
Cohesion (c), psf
—@— Vertical cut Hcr - - ® - -0.5H:1V cut Hor —A—1H:1V cut Hcr - - @ - -1.5H:1V cut Her
—&8—2H:1Vcut Her - - & - -25H:1V Her —6—3H:1V cut Her
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MAXIMUM ALLOWABLE SLOPES

20" MAX.

%

SOILS
"

TYPE A

12" MAX.

A 7]
5
E;cd:) N/A 20' MAX.
@ é]
O 7]
o=
& o N/A 20" MAX.
e éj
SHORT TERM LONG TERM

NOTES:

(1) For Type A soils, a short term maximum allowable slope of 0.5 (H) : 1 (V) is allowed
in excavations that are 12 feet or less in depth; short term (24 hours or less) maximum
allowable slopes for excavations greater than 12 feet in depth shall be 0.75 (H} : 1 (V).

(2) Maximum depth for above slopes is 20 feet. For slopes deeper than 20 feet, trench
protection should be designed by the Contractor's professional engineer.

Reference: OSHA, Safety ond Health Regulations for Construction, 1926 Subpart P.
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A COMBINATION OF BRACING AND OPEN CUTS

TYPE "B" SOIL

SUPPORT OR

SHIELD SYSTEM ;
20' MAX. %) M 8" MIN.

TOTAL HEIGHT OF VERTICAL SIDE

TYPE "C'" SOIL

SUPPORT OR

SHIELD SYSTEM A
N 1172
20" MAX. 18" MIN.

1

TOTAL HEIGHT OF VERTICAL SIDE

Reference: OSHA, Safety and Health Regulations for Construction, 1926 Subpoari P.
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PRESSURE ENVELOPE FOR BRACED CUTS IN SOFT TO MEDIUM CLAYS

0.25H

>«

q 0.75H

P = vyH-4c

or
= yH—-1.6¢c (if soils at or below bottom of excavation have ¢ < 500 psf)

Lateral earth pressure, psf.

Unit weight of clays, use 130 pcf.
Total height of the cut, feet.
Undrained shear strength of clay, psf.

Where, P
Y
H
c

Notes: 1. This pressure diagram is applicable for the condition :

yH/c > 4
2. Surcharge and water pressure are not included.

Sources:
1) Naval Facilities Englneerlng Command (1986), “Foundations & Earth Structures”, Pg 7.2-100.

2) R.B. Peck (1969), “Deep Excavations and Tunneling in Soft Ground,” Proc. 7th Int Conf. Soil Mech., Mexico, Pg 225-290.
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PRESSURE ENVELOPE FOR BRACED CUTS IN STIFF TO HARD CLAYS

0.25H

>«

0.5H

>«

0.25H

0.3yH (short term condition)
0.4yH (long term condition)

Where, Lateral earth pressure, psf.
Unit weight of clays, use 130 pcf.
Total height of the cut, feet.

Undrained shear strength of clay, psf.

Notes: 1. This pressure diagram is applicable for the condition :
yH/c <= 4
2. Surcharge and water pressure are not included.

Sources:
1) Naval Facilities Engineering Command (1986), “Foundations & Earth Structures”, Pg 7.2-100.
2) R.B. Peck (1969), “Deep Excavations and Tunneling in Soft Ground,” Proc. 7th Int. Conf. Soil Mech., Mexico, Pg 225-290.
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PRESSURE ENVELOPE FOR BRACED CUTS IN SANDS

A
H
P
P
v
P =0.65 yHK,
Where, P = Lateral earth pressure, psf.

y = Unit weight of sands, use 120 pcf.
H = Total height of the cut, feet.
K, = Active earth pressure coefficient = tan?(45-®/2) = 0.361 for ®=28°

Note: Surcharge and water pressure are not included.

Sources:
1) Naval Facilities Engineering Command (1986), “Foundations & Earth Structures”, Pg 7.2-100.
2) R.B. Peck (1969), “Deep Excavations and Tunneling in Soft Ground,” Proc. 7th Int. Conf. Soil Mech., Mexico, Pg 225-290.
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BOTTOM STABILITY FOR BRACED EXCAVATION IN CLAY

S ———— a [ g em—— d
S d— O S—
: I N A
BN
-—(/—'—_"‘_)—» a bn e CR— e | /] dl
A, T I
D, B Py \ i
t SIS /,/// 4 D, Tg__
s
Factor of safety against bottom heave in braced excavation in clay:
Fs= _N.C
n'D+q

If Fs is <1.5, sheeting should be extended at least D; below the excavation bottom to achieve stability:

1.5(y,'D+q)—- N.C

Y2

Required D, = ; D, =251t

Coefficient depending on the dimension of excavation (see chart at the bottom)

Undrained shear strength of the foundation clay soil at excavation bottom, psf

Average effective unit weight of soils above excavation bottom (adjusted for groundwater as

necessary), pcf

Y2 = Average effective unit weight of soils below excavation bottom and within sheeting embedment zone
(assume groundwater level at bottom of excavation to be conservative), pcf

D Depth of excavation, ft.

q = Surface surcharge load, psf

B Width of excavation, ft.

where, Nc

=<
[

Pressure on buried length, Py:
ForD; <047B: P, = 1.5D;(y,D-14CD/B-3.14C)

ForD,>047B: P, = 07(y,DB-14CD-3.14CB)

N
9 ~ Circular or square B/L = 1.0
/{’ /
8 -
7
6 t infinitely long B/L. = O
5
4
D/8B
0 1 2 3 4 5 6

Ne rectangular = (0.84 + 0.16B/L)N. square
Reference: NAVFAC DM 7.2, “Foundation and Earth Structures Design Manual”, Alexandria, Virginia
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BUOYANT UPLIFT RESISTANCE FOR BURIED STRUCTURES

(a) WALL / SOIL FRICTION
PLUS STRUCTURAL WEIGHT

TW'

(b) SOIL WEIGHT ABOVE BASE EXTENSIO|

w SOIL LAYER 1

SOIL LAYER 2

SOIL LAYER""

]
n

cohesive soils: fs] a G; = 3,000 psf cohesive soils: fsi C, < 3,000 psf

cohesionless soils: fsj = 0.75 Kg Oy, tang, cohesionless soils: fsi = 0.75 Kg Oy, tan®,
i

QS=P3XfSth Q3=P5Xf3jhj
WC + QS = FU WC + QS + WS = F
— Z =Ty
S, Sy S, S, S
Where:

Ag = area of base, sq. ft. <Dj = internal angle of friction of soil layer " | ", degrees
H = buried height of structure, . KS = 0.4, coefficient of lateral pressure
hy = depth to water table, ft. h; = thickness of soil layer "j ", ft.
Pw = Yw (H-hy), unit hydrostatic uplift, psf. j =1,2, ..
Yw = 62.4 pcf, unit weight of water Ps = parimeter of structure base, ft.

Fu = PwAg. hydrostatic uplift force, Ibs.
fsi = unit frictional resistance of soil layer " j ", psf.

C; =undrained cohesion of soil layer "] ", psf.

o =0.55, cohesion factor between soil and
structure wall
Oy . = effeclive overburden pressure at midpoint

! of soil layer "j ", psf.

61 =0.75 KDJ- , friction angle between soil layer " j"
and concrete wall, degrees

Qg = ultimate skin friction, Ibs.

W, = weight of structure, Ibs.

W; = weight of backiill above base extension, Ibs.
Sfa = 1.1, factor of safety for dead weight of structure
S,h = 3.0, factor of safety for soil / structure friction

S = 1.5, factor of safety for soil weight above
base extension

t = width of base extension, ft.

o

NOTE: neglect fg in upper 5 feet for expansive clay with a plasticity index > 20.

Reference:

1) American Concrete Pipe Association, (1996), Manhole Floatation

2) O'Neill, M.W., and Reese, L.C., (1999), "Orilled Shafts: Construction Procedures and Design Methods", FHWA—IF—99—025
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AVII. S

Relation between the Width of the Surface Depression
(i/a) and the Depth of the Cavity (z/a) for Tunnels

Settlement, d

Depth of tunnel Z

Volyme of depresgion = 2.5i0 max.

(a)
12
11
10 /
/
/
_ Rocks, hard clays /
3 8 and sands
S above the W.T. /
i
B / / .
q ¢ |
" / / Softto y
,  firm elays
4 ,/ 13 7 A
is |/ N 4
* L 17 e
/ 7| ¢ .~ [Sendsbelow
2 Lleg -~ - the W.T.
lli-v'll e J/ 2z
.0
!
16 10
L 1 2 3 4

i/fa or ifa'

®)

Reference: Peck, R. B. {1969) "Desp Excavations and Tunneling in Soft Ground, ™ Proceedings, Seventh Infernational
Confarence on Solf Mechanics and Foundation Enginacring, Mexico Clly, State of the Arf Volume, pp. 225-280.
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THRUST FORCE AT A PIPE BEND

F*A
v — —

Ty T
. 0
T = 2PA smE
T, = P A(1-cos 9)
T, = P Asing
Where:
T = Resultant thrust force, Ibs
T, = Resultant thrust force component along x-axis, Ibs
T, = Resultant thrust force component along y-axis, Ibs
P = Maximum sustain pressure of fluid in pipe, psi
A = Cross-section area of pipe, square inches
D Inside diameter of pipe, inches
0 = Angle of the pipe bend, degrees
A = Angle between x-axis and resultant force
= tan” (T/T,), degrees
Vv = Fluid velocity

Source: American Water Works Association, “Concrete Pressure Pipes”, AWWA Manual M9.
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Thrust Force At A Pipe Bend Example Calculation

Given:
D = 24 inches
P = 200 psi
= 60 degrees

Find: T, TX and Ty

A = =nD%4

T = 2 *200 * 452.39 * sin(60° /2)
T, = 200 * 452.39 * (1 — cos 60°)
T = 200 * 452.39 * sin 60°

452.39 in?

90,478 Ibs

45,239 Ibs

78,356 Ibs
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APPENDIX E

Well and Plugging Reportsfor Two Piezometers Installed In This Project
As Reported to Texas Department of Licensing and Regulation (TDLR)



Send original copy by certified
return receipt requested mail to: State of Texas

PLUGGING REPORT

TDLR (This form must be completed and filed with the TDLR

P.O. Box 12157 within 30 days following the date the well Is plugged as
Austin, TX 78711 required by current statutory law.)

(512) 463-7880

A. WELL IDENTIFICATION AND LOCATION DATA

1) OWNER City of Houston ADDRESS 611 Walker Floor 14 Houston Tx 77002
{Name) (Street or RFD) (City) (State) (Zip)
2) ADDRESS OF WELL:
County Harvey Wilson Rd Houston Tx 77020 GRID # 65-14-8
(Strest, RFD or other) (City) (State) (Zip)
3) OWNER'SWELLNO: B-2 4) WELL TYPE (Check): 0 Water O Monitor O Injection Piezometer 5)

Driller, Pump Installer, or Landowner performing the plugging operations must locate and identify the location of the well within a specific arid on a
full scale-gridded County map available from the Texas Water Development Board. The location of the weli should be denoted within the grid by
placing a corresponding dot in the grid to the right. The legal description section below is optional.

O LEGAL DESCRIPTION: NA

Section No. Block No. Township
Abstract No. Survey X
Name

Distance and direction from two
intersecting section lines or survey lines;

B. HISTORICAL DATA ON WELL TO BE PLUGGED (IF AVAILABLE)

6) Driller Eddie Van Antwerp License Number 2903M ciy Houston
7) Drled 08/25 2009 8)  Diameter of hole 4 inches; 9) Total depth ofwell 20 feet.
Mo/Day Year
C. CURRENT PLUGGING DATA
10) Date well plugged 10/05 , 2009
Year 1) Tried to pull the well, top section broke off.
11) Sketch of well: Using space at right, show method of plugging the 2) Grouted the entire Iength with

well, including all casing and cemented intervals. A
cement/bentonite grout.

12) Name of Driller/Pump Installer actually performing the piugging
operations

Eddie Van Antwerp
License Number  2903M

13) Casing and cementing data relative to the plugging operations:

CASING LEFT IN WELL
DIAMETER (Inches) FROM (feet) TO (feet)
2 0 20
CEMENT / BENTONITE PLUG(S) PLACED IN WELL SACK(S) OF
FROM (feat) TO (feet) CEMENT USED
0 20 2

D. VALIDATION OF INFORMATION INCLUDED IN FORM

! certify that | plugged this well (or the well was plugged under my supervision) and that each and all of the statements hersin are true and correct. | understand that failure to
complete items 1 thru 13 will result in the report(s) being returned for completion and resubmittal.

Company or Individuat's Name (type or print) _Van & Sons Drilling Service, Inc

Address: Street of RFD ! 319'Jo,h%n Alber City Houston state  TX 2Zip 77076

Signatures:” * (I S

i,

IR TR 10/08/09
Licensed Driller/Pump Installer p Date Trainea/Apprentice Date
Copies to TNRCC, Well Owner, and Licensed Well Driller/Pump Installer Forms On-A-Disk, Inc. - Dallas,
TDLR FORM D04WWD (4/98) Texas :

(214) 340-9429




Send original copy by certifted State of Texas

return receipt requested mail to:
PLUGGING REPORT
TDLR (This form must be completed and filed with the TDLR
P.O. Box 12157 within 30 days following the date the well is plugged as
Austin, TX 78711 required by current statutory law.)

(512) 463-7880

A. WELL IDENTIFICATION AND LOCATION DATA

1) OWNER City of Houston ADDRESS 611 Walker Floor 14 Houston Tx 77002
(Name) (Street or RFD) (City) (State) (Zip)
2) ADDRESS OF WELL:
County Harvey Wilson Rd Houston Tx 77020 GRID # 65-14-8
(Street, RFD or other) (City) (State) (Zip)
3) OWNER'S WELL NO: B-10 4) WELL TYPE (Check): 0O Water O Monitor 1 Injection Piezometer 5)

Driller, Pump Installer, or Landowner performing the plugglng operations must locate and identify the location of the well within a speclfic grid on a
full scale-gridded County map available from the Texas Water Development Board. The location of the well should be denoted within the grid by
placing a corresponding dot in the grid to the right. The legal description section below is optional.

O LEGAL DESCRIPTION: NA

Section No. Block No. Township
Abstract No. Survey x
Name
N
Distance and direction from two

intersecting section lines or survey lines:

B. HISTORICAL DATA ON WELL TO BE PLUGGED (IF AVAILABLE)

6) Driller Eddie Van Antwerp License Number 2903M city Houston
7) Drled 08/25 2009 . 8)  Diameter of hole 4 inches; 9 Totaldepth of well 20 feet.
Mo/Day Year R
C. CURRENT PLUGGING DATA
10) Date well plugged 10/05 , 2009
Year 1) Tried to pull the well, top section broke off.
11) Sketch of well: Using space at right, show method of plugging the 2) Grouted the entire Iength with

well, including all casing and cemented intervals.
cement/bentonite grout.

12) Name of Driller/Pump Installer actually performing the plugging
operations

Eddie Van Antwerp
License Number  2903M

13) Casing and cementing data relative to the plugging operations:

CASING LEFT IN WELL
DIAMETER (inches) FROM (feet) TO (feet)
2 0 25
[~ CEMENT / BENTONITE PLUG(S) PLACED TN WELL SACK(S) OF
FROM (fest) TO (feat) CEMENT USED
0 25 2

D. VALIDATION OF INFORMATION INCLUDED IN FORM

| certify that I plugged this well (or the well was plugged under my supervision) and that each and all of the statements herein are true and correct. | understand that failure to
complete items 1 thru 13 will result in the report(s) being returned for completion and resubmittal,

Company or Individual's Name (type or print) _Van & Sons Drilling Service, Inc

Address: Street or RFD 3 319 John Alber City Houston state  TX  zip 77076
Signatures: { & ¥ T

H 4

. \“‘; 4o e \“.,.C'»\ A AT R P 1 0[03/09
Licensged Driller/Pump Installer 0 Date Trainee/Apprentice Date
Copies to TNRCC, Well Owner, and Licensed Well Driller/Pump Installer Forms On-A-Disk, Inc. - Dallas,
TDLR FORM 004WWD (4/58) Texas

(214) 340-9429




STATE OF TEXAS Send original copy, along with
Type or print on this form a the original copies of your
list of wells for which you State Well Reports, by
;gim:llzbmitting "Well Report™ STATE WELIL REPORT SUBMISSION FORM certified mail F;)LR
P.0O. Box 12157
Austin, Texas 78711
DATE PLUGGED WELL OWNER COUNTY
B-2 & B-10 on 10/05/2009 City of Houston Harris
611 Walker
Floor 14
Houston, Tx 77002-4903
Eddie Van Antwerp 2903M 10/08/09
LICENSED DRILLER/PUMP INSTALLER LICENSE NUMBER DATE
(Please type or print)

TDLR FORM 002WWD (4/98) Copies to TDLR and DRILLER / PUMP INSTALLER

Forms On-A-Disk, Inc. - Dallas, Texas - (214) 340-9429




Send original copy by certified State of Texas

retumn receipt requesied mai! to:
PLUGGING REPORT
TDLR (This form must be completed and filed with the TDLR
P.O. Box 12157 within 30 days following the date the well Is plugged as
Austin, TX 78711 required by current statutory law.)

(512) 463-7880

A. WELL IDENTIFICATION AND LOCATION DATA

1) OWNER City of Houston ADDRESS 611 Walker Floor 14 Houston Tx 77002
{Name) (Street or RFD) (City) (State) (Zip)
2) ADDRESS OF WELL:
County Harvey Wilson Rd Houston Tx 77020 GRID # 65-14-8
(Street, RFD or other) (City) (State) (Zip)
3) OWNER'S WELLNO: B-2 4) WELLTYPE (Check): O Water O Monitor [l Injection Piezometer 5)

Driller, Pump Installer, or Landowner performing the plugging operations must locate and identify the location of the well within a specific grid on a
full scale-gridded County map available from the Texas Water Development Board. The location of the well should be denoted within the grid by
placing a corresponding dot in the grid to the right. The legal description section below Is optional.

O LEGAL DESCRIPTION: NA

Section No. Block No. Township
Abstract No. Survey x
Name

Distance and direction from two
intersecting section lines or survey lines:

B. HISTORICAL DATA ON WELL TO BE PLUGGED (IF AVAILABLE)

8) Driller Eddie Van Antwerp License Number 2903M ciy Houston
7) Driled 08/25 2009 8)  Diameter of hole 4 inches; 9) Total depth ofwell 20 feet.
Mo/Day Year
C. CURRENT PLUGGING DATA
10) Date well plugged 10/05 ., 2009 .
Year 1) Tried to pull the well, top section broke off.
11) Sketch of well: Using space at right, show method of plugging the 2) Grouted the entire Iength with

well, including all casing and cemented intervals. A
cement/bentonite grout.

12) Name of Driller/Pump Installer actually performing the piugging
operations

Eddie Van Antwerp
License Number  2903M

13) Casing and cementing data relative to the plugging operations:

CASING LEFT INWELL
DIAMETER (Inches) FROM (fest) TO (feet)
2 0 20
[~ CEMENT / BENTONITE PLUG(S) PLACED IN WELL SACK(S) OF
FROM (faat) TO (feet) CEMENT USED
0 20 2

D. VALIDATION OF INFORMATION INCLUDED IN FORM

| certify that 1 plugged this well (or the well was plugged under my supervision) and that each and ail of the statements herein are true and correct. | understand that failure to
complete items 1 thru 13 will result in the report(s) being returmned for completion and resubmittal.

Company or Individual's Name (typs orprin) _Van & Sons Drilling Service, Inc
319'an;n Alber City Houston state TX zip 77076

3 +

Address: Sirget or RFD /
Signatures:” "

Ghe 53 a4 b B L 10/08/09
Licensed Driller/Pump Installer . Date Trainee/Apprentice Date
Copies to TNRCC, Well Owner, and Licensed Well Driller/Pump Installer Forms On-A-Disk, Inc. - Dallas,
TDLR FORM 004WWD (4/98) Texas

(214) 340-9429




Send original copy by ceriified State of Texas

turmn receipt ted mail to:
e recaplrEases PLUGGING REPORT
TDLR (This form must be completed and filed with the TDLR
P.O. Box 12157 within 30 days following the date the well is plugged as
Austin, TX 78711 required by current statutory law.)
(512) 4563-7880
A. WELL IDENTIFICATION AND LOCATION DATA
1) OWNER City of Houston ADDRESS 611 Walker Floor 14 Houston Tx 77002
(Name) (Street or RFD) (City) (State) (Zip)
2) ADDRESS OF WELL:
County Harvey Wilson Rd Houston Tx 77020 GRID # 65-14-8
(Street, RFD or other) (City) (State) (Zip)

3) OWNER'S WELL NO: B-10 l 4) WELL TYPE (Check): 0O Water O Monitor O Injection [X] Piezometer 5)

Driller, Pump Installer, or Landowner performing the plugging operations must locate and identify the focation of the well within a specific grid on a
full scale-gridded County map available from the Texas Water Development Board. The location of the well should be denoted within the grid by
placing a corresponding dot in the grid to the right. The legal description section below is optional.

0O LEGAL DESCRIPTION: NA

Section No. Block No. Township
Abstract No. Survey x
Name
N
Distance and direction from two

intersecting section lines or survey lines:

B. HISTORICAL DATA ON WELL TO BE PLUGGED (IF AVAILABLE)

8) Driller Eddie Van Antwerp License Number 2903M cty Houston
7) Driled 08/25 2009 8)  Diameter of hoe 4 inches; 9) Totaldepth ofwell 20 feet.
Mo/Day Year
C. CURRENT PLUGGING DATA
10) Date well plugged 10/05 . 2009 .
Year 1) Tried to pull the well, top section broke off.
11) Sketch of well: Using space at right, show method of plugging the 2) Grouted the entire Iength with

well, inciuding all casing and cemented intervals.
cement/bentonite grout.

12) Name of Driller/Pump Installer actually performing the plugging
operations

Eddie Van Antwerp
License Number 2903M

13) Casing and cementing data relative to the plugging operations:

CASING LEFT IN WELL
DIAMETER (Inches) FROM (feet) TO (feet)
2 0 25
CEMENT / BENTONITE PLUG(S) PLACED IN WELL SACK(S) OF
FROM (feet) TO (feat) CEMENT USED
0 25 2

D. VALIDATION OF INFORMATION INCLUDED IN FORM

I certify that I plugged this well (or the well was plugged under my suparvision) and that each and all of the statements herein are true and correct. | understand that failure to
complete items 1 thru 13 will result in the report(s) being returned for completion and resubmittal.

Company or Individual's Name (type orprinty  Van & Sons Drilling Service, Inc

Address: Street or,RFD ;319 John Alber Gty Houston state  TX  zip 77076
Signatures: | * 4 4 N Uy 3
N Y iy 0 ¥ 3 b
! P l\‘; P k.’-}\ O R\;\z Lo 10/ 08/ 09
Licensed Oriller/Pump Installer g Date Trainee/Apprentice Date
Copies to TNRCC, Well Owner, and Licensed Well Driller/Pump Installer Forms On-A-Disk, Inc. - Dallas,
TDLR FORM DO4WWD (4/38) Texaa

(214) 340-9429



STATE OF TEXAS Send original copy, along with
Type or print on this form a the original copies of your
list of wells for which you State Well Reports, by
bmitting "Well Report" certified mail to:
o Submittin pe STATE WELL REPORT SUBMISSION FORM el A e
P.0. Box 12157
Austin, Taxas 78711
DATE PLUGGED WELL OWNER COUNTY
B-2 & B-10 on 10/05/2009 City of Houston Harris
611 Walker
Floor 14
Houston, Tx 77002-4903
Eddie Van Antwerp 2903M 10/08/09
LICENSED DRILLER/PUMP INSTALLER LICENSE NUMBER DATE
(Please type or print)

TDLR FORM 002WWD (4/98) Copies to TDLR and DRILLER / PUMP INSTALLER

Forms On-A-Disk, Inc. - Dallas, Texas - {214) 340-9429




